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aromatic hydrocarbons. Protein adducts are useful as a biomarker for exposure to tobacco smoke (4- 
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effect, the most common are cytogenetic end points. Epidemiologic studies support the use of 
chromosomal breakage as a relevant biomarker of cancer risk. The use of the Comet assay and 
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now there have not been sufficient data to interpret the relationship between genotypes, biomarkers 
of exposure, and biomarkers of effect for assessing the risk of human exposure to mutagens and 
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A new and evolving area of research termed 
molecular epidemiology attempts to merge 
sophisticated and highly sensitive laboratory 
methods (many of them developed during 
the recent revolution in molecular biology) 
with analytical epidemiologic methods. 
Molecular epidemiology bridges basic 
research in molecular biology and studies of 
human cancer causation by combining labo¬ 
ratory measurement of internal dose, biologi¬ 
cally effective dose, biologic effects, and the 
influence of individual susceptibility with epi¬ 
demiologic methodologies (7). The most 
common view is that the apptoach represents 
a natural convergence of molecular biology 
and epidemiology ( 2 ). 

The number of biomarkers available for 
evaluating genetic and cancer risk in humans 
is quite large. Their utility for human bio- 
monicoring is suggested by the well-known 
paradigm of environmentally induced cancer, 
which represents end points for assessing the 
entire spectrum of human-genotoxicant 
interactions (A). These biomarkers begin 
with exposure and include absorption, 
metabolism, distribution, critical target inter¬ 
action (i.e., DNA damage and repair), 
genetic changes, and finally, disease, which is 
the province of traditional epidemiology. 
The development of biomarkers has given 
rise to the field of molecular epidemiology, 
which uses these biornarkers rather than dis¬ 
ease to assess the risk of environmental 
exposure (4,5). 


The paradigm of environmental cancer 
starts with exposure. A large number of bio¬ 
markers are now available, but to evaluate 
their sensitivity and to interpret the results 

obtained, data on exposure are needed. 
Previously, exposure data were usually not 
published in studies using various biornarkers. 

The field of molecular epidemiology is 
developing rapidly. This review covers papers 
published from 1997 to 1999. The data can 
be used to evaluate the advantages or disad¬ 
vantages of different biornarkers used in the 
studies of occupationally and environmentally 
exposed population groups. 

Biornarkers evaluated in this review were 
selected according to the following basic 
scheme: biornarkers of exposure—metabolites 
in urine, DNA adducts, protein adducts, and 
Comet assay parameters; biornarkers of effect— 
chromosomal aberrations (CAs), sister chro¬ 
matid exchanges (SCEs), micronudei (MN), 
mutations in the hypoxanthine-guanine phos¬ 
phoribosyltransferase (HPRT) gene, and the 
activation of oncogenes coding for p53 or p21 
proteins as measured by protein levels. 

Occupational Exposure to 
Mutagens and Carcinogens 

Table 1 summarizes the effect of exposure 
and genotypes on biornarkers of exposure and 
the effects in occupationally exposed groups. 

Several studies on coke oven workers have 
used personal monitoring. In a group of coke 
oven workers exposed to carcinogenic 


polycyclic aromatic hydrocarbons (PAHs) 
from 0.6 to 547 pg/rn 3 and to behzojd]- 
pyrene (B[A]P) from 2 to 62,107 ng/m 3 , 
respectively, Binkovd et al. (A)- observed a . 
positive correlation between DNA adducts in 
total white blood cells (WBCs) and/or lym¬ 
phocytes and carcinogenic PAHs and/or 
B[c]P in the inhaled air at the individual 
level. A similar relationship in the same 
groups was also observed by Kalina et al. (7) 
who analyzed CAs, SCEs, and cells carrying a 
high frequency of SCEs (HFCs). Using the 
Comet assay for lymphocytes, Mrackova et 
al. found no effect (S). In a study of coke 
oven workers in China (9) and Taiwan (10), 
urinary 1-hydroxypyrene (I-OH-pyrene) dif¬ 
fered significandy according to exposure to 
PAHs, but no increase of DNA adduct levels 
between exposed and control groups was 
observed ( 9 ). Personal exposures to B[/j]P in 
this scudy were 2 or 3 times higher than in 
the former study (A). Kure et al. (ll) ana¬ 
lyzed benzo[a)pyrene diolepoxide (BPDE)- 
albumin adducts in coke oven workers. They 
found no difference between exposed and 
control groups. The concentration of BMP 
in rbe workers' environment was approxi¬ 
mately only one-third to one-half the. expo¬ 
sure in the fitst study (A). Zanesi ec al, (12) 
measured HPRT mutant frequency and ana¬ 
lyzed mutational spectra in the lymphocyte 
mutants. The gene alterations observed were 
similar in exposed and nonexposed subjects. 

Pendzich er al. (13) also studied the 
effect of exposure on SCEs and HFCs in 
coke oven workers. SCEs, as well as HFCs, 
were significantly higher in coke oven work-' 
ers than in controls from the same region. 
The winter samples had higher SCEs and 
HFCs than the summer samples. Differences 
between smokers and nonsmokers were 
observed, particularly in winter samples. 

Analysis of aromatic'DNA adducts in 
foundry workers and controls showed that 
the 32 P-postlabeling method was able to 
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Table 1, Effect of exposure and genotypes on biomarkers of exposure and effects by occupationally exposed groups. 


Group/ 
sample size 

Coke oven wortres 
Exp = 68; C=56 

Exp = 65; 034 


Exp=24; C=28 


Exp = 75; C=24 


Exp = 30 
Exp = 59; C=4B 
Exp = 43; C=26 
Exp=45; 6=3B 
Foundry workers 
Exp = 95 


Engine workshop 
Exp "61; C - 30 
Workers 
Exp = 28; C=28 
Soldiers 
Exp=20; C=33 


Bus garage workers 
Exp = 29; C=26 
Airport personnel 
Exp = 39; C=11 
Workers 
Exp = 32; 6=29 
Workers 
Exp=44; C=24 
Gasoline station 
attendants 
Exp = 12; 6 = 12 
Exp = 12; 6 = 12 
Exp *= 22; 6 = 19 
Exp = 45; 6 = 45 
Workers 
Exp=43; 6=42 
Exp = 43; 6 = 44 
Exp = 43; 6 = 44 
Exp = 35; C»13 
Exp = 34; C=19 

Viscose rayon plant 
workers 
Exp=26; C=26 
Furniture workers 
Exp = 53; C=41 







Effect of exposure on biomarkers 




Effect of 


Exposure 

Type 

Measured 

Lisina 3 

DNA 

adducts 6 

Protein 

adducts* 

Comet CAs 

SCEs 

MN 

HPRT 

p53/p2T 

proteins 

biomarkers of 
susceptibility 

Ref. 

PAHs 

Personal 

- 

E 

- 

- 

- 

- 

- 

- 

GSTM1 NoE 
NAT2 NoE 

(5) 

PAHs 

Personal 

- 

- 

- 

E 

E 

~ 

“ 

“ 

6STM1 NoE 
NAJ2 NuE 

[2) 

PAHs 

Personal 

- 

- 


NoE 

“ 

- 

- 

— 

GSTM1 NoE 
HAT2 NnE 

ffl 

PAHs 

Personal, 

ambient 

E 

NoE 


- - 

— 


” 

E 

CYP1A1 E 
GSTM1 NoE 

0) 

PAHs 

Persona! 

E 

- 


- 

- 


- 

- 

CYP1A1 E 

m 

PAHs 

Personal 

- 

- 

NoE 

- 

- 

- 

- 

- 


un 

PAHs 

No 

- 

- 

- 

- 

- 

- 

No E 

- 

- 

(12) 

PAHs 

No 

“ 

- 


- 

E 

" 

- 

- 

“ 

113) 

PAHs 

Engine exhaust, PAHs 

Personal 

~ 

E 

- 

_ 

~ 

- 

“ 

- 

CYP1A1 NoE 
GSTM1 NoE 

(Ml 

Bitumen fumes, PAHs 

No 

E 

_ 


“ ” 

F 

E 


" 


(/S| 

Oil well fires, PAHs 

No 

£ 


“ 

" — 

E 

E 


’ 


(73) 

Diesel exhaust, nitm-PAHs 

Personal 

NoE 

NoE 







CYP1A1 NoE 
GSTM1 NoE 
GSTT1 NoE 

(20) 

VOCs 

No 



NoE 



*“* 




(2/1 

Traffic fumes, VOCs 

Personal 

- 

- 


NoE 

NoE 

NoE 


NoE 


(23) 

Hydrocarbons 

Personal 

“ 

“ 


" 

“ 

NoE 




(24) 

Nu 




E E 

NoE 

‘ 




(25) 

Denzene 

Personal 



_ 

_ _ 


NoE 

_ 

_ 

- 

(25) 

Benzene 

Personal 

- 

- 

- 

E 

- 


- 

- 

- 

127) 

Benzene 

Personal 

- 

- 

- 

- 

NoE 

E 

“ 

- 

“ 

123) 

Benzene 

Personal 

- 

- 


— - 

NnE 


— 

“ 

~ 

(22) 

Benzene 

Personal 


- 

E 

— — 

- 

- 

- 

- 

- 

(30) 

Benzene 

Personal 

- 

- 

- 

- - E 

- 

- 

- 

- 

- 

(3/1 

Benzene 

Personal 

- 

- 

- 

E 

- 

- 


“ 

- 

(32) 

Benzene 

Personal 


- 

- 

- 

- 

NoE 

- 

- 

“ 

(33) 

Organic solvents 

Acrylonitrile -t- dimethyl 
formamide 

Ambient 




NoE 





6S7M1 NoE 
6STT1 NoE 

(34) 

Styrene 

No 

- 

- 


E 

E-HFC 


" 

“ 


(35] 

Ambient 

E 

“ 



E 

No E 



{Continued) 
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Table 1, (Gfmfiwsrf) 








Effect of exposure on biomarkers 




Effect of 


Group/ 
sample size 

Exposure 

Type 

Measured 

Urine 3 

DNA 

adducts 4 

Proteio 

adducts^ 

Comet 

CAs 

SCEs 

MN 

HPRT 

p53/pZi 

proteins 

biomarkers of 
susceptibility 

Ref. 

Workers 

Exp = 19;C = 19 

1,3-Butadiene 

Personal 

- 

- 

- 

NoE 

E 

E 

NoE 

- 

- 

- 

m 

£xp = 15;C = 11 

1,3-Butadierte 

Personal 

- 

E 

- 

- 

- 

- 


- 

- 

“ 

I3S) 

Exp = 24; C = 19 

1,3-8ijtadiena 

Personal 

- 

- 

- 

- 


- 

- 

- 

- 

- 

[591 

Exp = 14; C = 14 

Farmers 

Exp = 20; C = 20 

Epichlorohytfrin 

Personal 


- 

No E 


- 

E 

NoE 

NoE 

— 

— 

l«J) 

Pesticides 

No 

T- 

_ 


— 

E tf 

- 

- 

- 

- 

CYP2E1 E" 

147) 

Exp = 29; C = 11 

Pesticides 

No 



- 

E 






GSfMI E d 
6STT1 NoE 
PON E d 

m 

Exp=4D 

Pesticides 

No 


- 

- 

E 



- 

- 

“ 

~ 

(43) 

Greenhouse workers 

Exp - 34; C = 33 

Pesticides 

No 

- 

- 

- 

- 

- 

- 

E 

- 


GSTM1 NoE 

m 

Exp = 57; C = 33 

Pesticides 

Nu 


E 


«... 


_ 

_ 



NAT2 NoE 

145) 

Exp = 30; C = 32 

Pesticides 

No 

V- 

- 

- 

- 

NoE 

- 

- 


- 

GSTM1 NoE 

(56) 

Sprayers 

. Exp = 38; C» IB 

Malatbion 

No 







NoE 



GSTT1 NoE 

m 

Phosphate-fertilizers 

Exp = 40;C = 40 

Hf.SiF 

No 

_ 

_ 


— 

E 

- 

E 


- 

- 

{47} 

Welders 

Exp = 39; C = 39 

Cr.Ni 

No 




_ 


E 

- 

- 

- 

- 

149) 

Nurses . 

Exp = 20; C = 11 

Cytostatics 

No 

- 

- 

“ 

- 

E 

- 

“ 

— 

- 

- 

(49) 

Exp=28;C = 14 

Cytostatics 

No 

- 

- 

- 



- 

E 

- 

— 

— 

(50) 

Exp = 30; C = 3D 

Cytostatics 

No 


“ 

- 

E 

- 

- 

- 

— 

“ 

“ 

(57) 

Operating room personnel 
Exp = 66; C = 41 

Anesthetic gases 

No 

_ 

_ 

— 

E 

- 

- 

- 

- 

- 

- 

(52) 

Workers 

Exp = 107; C = 41 

Tobacco dust 

No 


— 


£ 

- 

- 

- 


- 

- 

(SSI 

Pilots + crews 

Exp = 192; C=55 

Cosmic radiation 

No 


- 

“ 

w 

E 

- 

E 

NoE 

“ 


|M) 

Exp = 23; C — 23 

Cosmic radiation 

No 

“ 

E 



NoE 


NoE 

— 

— 

(55) 


Abbreviations; -, biumarker was not analyzed; C, number d subjects in control group; Comet, Comet assay; E, statistically significant effect of exposure and/or genotypes on biomarkers of exposure and effect; Exp, number of subjects in exposed group: HPRT, muta¬ 
tions in the hypoxantkiine—guanine phosphoribosyltransferase gene; p53/pZ1, activation of oncogenes coding for p53 or p21 proteins. 'Metabolites in urine. ®By 32 P-postlabe ling or ELISA. “Hemoglobin or albumin adducts. ‘'Effect on CAs only using challenge assay. 
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detect an increase of DNA adducts in 
leukocytes when exposure to B|sr|P in the air 
exceeded 5 ng/m 3 (14). 

Coke oven and foundry workers certainly 
represent a. group of subjects highly exposed 
toTTAHs (6-13). Using biomarkers of expo¬ 
sure such as DNA adducts (6,13) and l-OH- 
pyrene (9), significantly higher levels of 
PAHs were seen in. these workers compared 
with levels in control groups. However, 
BinkovA et ai. (6') evaluated the efficiency of 
DNA adduct formation per unit of exposure 
and found that the efficiency decreased 
remarkably with increasing exposure. An 
increase of exposure to PAHs of approxi¬ 
mately 40-fold resulted in only a 50% 
increase of bulky aromatic DNA adducts in 
lymphocytes. Similar results showing a non¬ 
linear dose response were described by Letvtas 
et al. (75) for environmentally and occupa¬ 
tionally exposed subjects and by Van 
Schooten et al. (16) for smokers. This obser¬ 
vation needs further investigation, but it 
could be caused by the saturation of meta¬ 
bolic processes, a lack of specificity of the 
assay in the control population, or a lack of 
transport of the activated genotoxins to the 
tissue under study (17)- 

Young workers in engine repair workshops 
are exposed to PAHs from engine exhaust and 
used engine oil. SCE and MN frequencies 
were found to be higher for exposed Subjects 
(p < 0.05). The levels of l-OH-pyrene were 
higher not only in the exposed group com¬ 
pared with controls (p < 0.001) but also in 
exposed nonsmokers compared with exposed 
smokers (p< 0,05) (18). 

Workers employed in road-paving 
operations are exposed to bitumen fumes, 
which consist mainly of PAHs and their 

derivatives. Exposure to PAHs has been 
assessed by l-OH-pyrene excretion in the 
urine: 0.78 ± 0.46 pinol/mol creatinine hi 
exposed workers versus 0.52 ± 0.44 
pmol/mol in controls. Exposure to bitumen 
fumes significantly increased SCEs {p < 0.05) 
and MN (p < 0.001) in exposed workers 
compared with controls (19). 

A possible effect of PAHs was studied in 
U.S. soldiers in Kuwait who were exposed to 
oil-well fires. The PAH-DNA adducts were 
measured in blood cells by immunoassay. 
Low ambient PAH levels were observed, and 
no increases of DNA adducts or l-OH- 
pyrene in urine were found (20). 

Gas chromatography-mass spectrometry 
(GC-MS) was used to analyze hemoglobin 
adducts formed by nitro-PAHs in human 
blood samples of a population of bus garage 
workers exposed to diesel exhaust. When 
blood samples from bus garage workers were 
compared with those from urban area con¬ 
trols, no significant differences in hemoglobin 
adduct levels were observed (21). 

60 


The genotoxiciry of a low level of 
hydrocarbons and jet fuel derivatives was 
studied in airport workers. The levels of ben¬ 
zene, toluene, and xylene at the airport were 
approximately one-tenth the levels of those at 
petrol stations (22). Analyzing SCEs, MN, 
Comet assay parameters, and the induction of 
ms p21 protein levels in plasma, no effecc of 
this low exposure to hydrocarbons was 
observed. Smoking did not significantly affect 
tire Comet assay values. The study suggests 
that benzene at very iow doses (0,10 ± 0.005 
mg/m 3 ) does not induce detectable genetic 
damage as measured by conventional 
cytogenetic assays (23). 

Party et al. (24) analyzed the effect of 
vehicle exhaust fumes on motor mechanics, 
traffic policemen, and motorcyclists. Controls 
were office workers. Using diffusion tubes, 
the exposure to volatile organic compounds 
(VOCs) was determined, No increase of 
micronuclei was observed when the total 
VOC was, on average, 363 ppb in the 
exposed group versus 138 ppb in controls 
(exposure to benzene 0.041 mg/m 3 for the 
exposed group; 0.016 mg/m 3 in controls). 

Hartmann et al. (25) analyzed workers 
exposed to environmental pollutants at a waste 
disposal site. Using a cytogenetic test and the 
Comet assay, they observed an increase of CAs 
and Comet assay parameters but not of SCEs. 
Expected exposure was to various hydrocar¬ 
bons (e.g., acrylonitrile, benzene, dinitro- 
toluene, epichlorohydrine, vinylchloride). 

Gasoline station attendants represent a 
group of persons exposed to benzene. Carere 
et al, (26), using fluorescence in situ 
hybridization (FISH) with centromeric 
probes for chromosomes 7, II, 18, and X, 
observed no exposure-related hyperploidy or 

micronucleus formation for a group exposed 
to benzene concentrations of 0.32 mg/m 3 . 
Applying rhe Comet assay to che same 
groups, Andreoli et al. ( 27) found that tail 
moment values were significantly higher in 
exposed groups than in unexposed groups 
(27). Bukvic et al. (28) found no effect oti 
SCEs or HFCs of exposure to benzene at 
concentrations of 0.23 mg/m 3 . They only 
observed an exposure-related increase in the 
frequency of micronuclei. In another group 
of service station attendants exposed to 0.19 
mg/m 3 benzene, no differences in SCE values 
were observed among exposed and control 
groups (22). 

Exposure to benzene has been followed in 
several groups, as benzene may be used as a 
model for biomarkers of leukemia risk (29). 
In Shanghai, China, two groups of workers 
were studied, one with a lower exposure (50 ± 
31 mg/m 3 ) and one with a higher exposure 
(380 ± 253 mg/m 3 ) to benzene versus controls 
exposed to 0.05 ± 0.06 mg/m 3 . Hemoglobin 
and albumin adducts significantly correlated 


with exposure (30). Both these adducts 
therefore may be used as biomarkets of expo¬ 
sure to high levels of benzene. Smith et al. 
(31) used painting probes for chromosomes 8 
and 21. They observed an increase in the 
hyperdiploidy of chromosomes 8 and 21 and 
translocations between chromosomes 8 and 
21 with exposure to benzene concentrations 
higher than 380 mg/m. 3 . Zhang et al. (32) 
used FISH in the same group to determine 
specific aberrations in chromosomes 1, 5 and 
7. Exposure to benzene was associated with 
increases in the rates of monosomy 5 and 7 
and with increases in the trisomy and tecra- 
somy frequencies of all three chromosomes. 
This result demonstrates that the leukemia- 
specific changes in chromosomes 5, and 7 can 
be delected by FISH in the peripheral blood 
of healchy exposed workers. 

Surtailes et al. (33) used FISH to determine 
MN in lymphocytes and buccal cells as well 
as numerical abnormalities of chromosome 9 
in buccal cells in a population occupationally 
exposed to approximately 3-5 mg/m 3 ben¬ 
zene in an Estonian petrochemical plant. No 
increases in rhe frequency of total micro- 
nuclei or chromosome 9 numerical abnor¬ 
malities were detected in either buccal cells 
or lymphocytes. 

Pitarque et al. (34) used the Comet assay 
to evaluate the exposure to organic solvent; 
such as acetone, gasoline and toluene in shoe 
workers. The occupational exposure to organic 
solvents (acetone, 382-927 mg/ro 3 ; gasoline, 
283—723 mg/m 3 ; toluene, 96—412 mg/m 3 ) 
did not affect the Comer assay values (34). 

Major et al. (35) followed a group of 
viscose rayon plant workers exposed to 
acrylonitrile (0.3-17.6 mg/m 3 in ambient 
air) and dimethylformamide (0.6-23 

mg/m 3 ). In exposed workers, increased levels 
of CAs, SCEs, and HFCs, as well as 
ultraviolet-induced unscheduled DNA syn¬ 
thesis, were observed (35). In furniture 
workers exposed to styrene, exposure at an 
ambient level of 128 mg/m 3 of styrene 
increased SCE frequency but not MN (36). 

Exposure to 1,3-butadiene (BD) at a level 
of 0.53 mg/m 3 in a monomer production 
unit increased CAs, SCEs, and HFCs in the 
exposed group compared with levels among 
controls but bad no significant effect on the 
formation of MN or Comet assay parameters 
(37). Zhao et al. (38), in a subgroup of the 
same workers, were able to demonstrate an 
increase of A/-l-(2,4,3-trihydroxybutyl)ade- 
nine adducts induced by BD. Hallberg et ai. 
(39) observed no differences in the frequency 
of CAs between the exposed group widi occu¬ 
pational exposure to 5 mg/m 3 BD and con¬ 
trols. Using a challenge assay, they postulated 
that BD could cause DNA repair defects. 

Exposure to epichlorohydrin (ECH) 
(0.4-0.9 mg/m 3 ) increased SCEs and HFCs 
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in the exposed group compared with controls. 
These concentrations of ECH did not 
increase hemoglobin adducts, HPRT 
mutants, or MN (40). 

Another group studied was farmers 
exposed to a mixture of pesticides. Sometimes 
it is difficult to identify individual pesticides 
and to properly evaluate the exposure to 
them. Au et al. {41), analyzing the difference 
between farmers and controls, did not 
observe any increase in CAs by either the 
standard assay or FISH; differences were 
apparent, however, using a challenge assay. 
Lebailly et al. {42) observed effects of spray¬ 
ing selected pesticides on several groups using 
the Comer assay. DNA damage in leukocytes 
was analyzed during the beginning, interme¬ 
diate, and final periods of intense spraying 
activity. DNA damage was significantly dif¬ 
ferent among groups; no concurrent control 
was used. When the leukocytes of farmers 
were analyzed after a 1-day spraying period, a 
significant effect was observed only in sub¬ 
jects exposed to a fungicide (chloro- 
thalonil)-insecricide mixture (43). 

In greenhouse workers exposed to 
mixtures of pesticides, higher MN frequen¬ 
cies were detected in a subset of workers with 
work histories of extensive pesticide spraying 
compared with other exposed subjects and 
controls (44). In another group from Italy, 
DNA damage was analyzed by a 32 P-posda- 
beiing assay. The DNA adducts were signifi¬ 
cantly higher in floroculturists compared with 
controls (p < 0.001). These findings support 
the use of the - 2 P-postiabeling assay in agri¬ 
cultural studies (45). In sprayers involved in a 
Mediterranean fruit fly eradication program, 
Tttenko-Holland et al. (46), using a 
micronudeus assay, observed no effect of 
malathion exposure in iymphocyres. 

In phosphate fertilizer factories, workers 
arc exposed mostly to fluorides. The frequen¬ 
cies of CAs and MN were higher in workers 
than in controls (47). 

Welders are exposed to chromium and 
nickel. Exposure to these metals was mea¬ 
sured in blood samples. With a chromium 
concentration in erythrocytes of 4.3 ± 7.0 
mg/L and a nickel concentration in blood of 

4,6 ±1,4 mg/L, increased SCEs were 
observed in welders compared with controls 
(/> = 0.04) (48). 

The genotoxic effect of occupational 
exposure to cytostatics was investigated in 
three studies. Rubes et al. (49), using FISH 
with painting probes specific for chromo¬ 
somes 1 and 4, found significant differences 
in the number of translocations (p < 0.01), as 
well as in CAs determined by conventional 
methods, between an exposed group and 
controls (p < 0.05). Burgaz er al. (50) 
observed in a group of nurses an increase of 
MN frequencies in peripheral lymphocytes 


and in buccal epithelial cells. Using the 
Comet assay, Undegcr ct al. (52) found that 
DNA damage was greater in nurses than in 
controls and that this effect was smaller in 
nurses using individual safety protection 
during their work. 

Sardas et al. (52) used the Comet assay to 
detect DNA damage in the lymphocytes of 
hospital operaring personnel who were 
exposed to aneschetic gases. The operating 
room personnel had substantially greater 
damage ro their lymphocytes than did con¬ 
trols. The extent of damage in exposed smok¬ 
ers was significantly higher than that in 
exposed nonsmokers. 

An interesting exposure was analyzed in 
cigarette factory workers exposed to tobacco 
dust (53). The lymphocyte DNA damage 
analyzed by the Comet assay showed that the 
exposed workers had a larger tail moment 
titan controls ip < 0.05) and that smokers had 
significantly larger tail moments than non- 
smokers. This study suggests a synergistic 
effect of tobacco dust exposure and smoking 
on DNA damage. 

It is believed that airline pilots and crew 
members may be affected by ionizing radia¬ 
tion of cosmic origin. Romano er al. (54) 
observed an increase of dicentric and ring 
chromosomes in the peripheral blood lym¬ 
phocytes of flight personnel. In another 
study with flight engineers, an increase of 
oxidative damage as determined by 8-oxo- 
7,8-dihydro-2'-deoxyguanosine (8-oxodG) 
was observed. Chromosomal aberrations, 
micronuclei, and HPRT mutations were not 
significantly increased (55). 

In a limited number of the occupational 
studies mentioned above, biomarkers of sus¬ 
ceptibility for evaluating the effect of geno¬ 
types on biomarkers of exposure and effects 
were also analyzed (Table 1). 

In the group of Czech and Slovak coke 
oven workers with elevated exposure to PAHs, 
the effects of GSTM1 and NAT2 polymor¬ 
phisms on DNA adducts (6), CAs, SCEs (7), 
and Comet assay parameters (S) were studied. 
No effect of either genotype was observed on 
any of these biomarkers. Pan et al. (9) ana¬ 
lyzed polymorphisms of CYP1A1 IlefVttl in 
exon 7 and GSTMl polymorphisms. 
CYP1A1 and GSTMl genotypes were unre¬ 
lated to 1-OH-pyrene levels. DNA adducts 
correlated with CYP1A1 Ils/Val or VallVal 
polymorphisms, but no effect of the GSTMl 
null polymorphism on the DNA adduct levels 
was observed. No effect of either genotype was 
observed on serum p53 protein levels. Wu et 
al. (10) showed the effect of CYP1A1 Mspl 
genotype polymorphism on 1-OH-pyrene 
concentrations in urine. Subjects with the 
homozygous variant genotype had a two-fold 
higher postshiff of 1-OH-pyrene levels. This 
indicates chat a CYP1A1 Mspl variant 


genotype can modify the metabolism of PAHs 
m coke oven workers. 

In the group of foundry workers studied 
by Hemminki et al. (14) neither GSTMl or 
CYP1A1 genotypes affected the level of 
DNA adducts determined by 3i P-postIabel- 
ing. The authors suggested that the effect of 
genotypes in their study should not be used 
as negative evidence because the exposure ro 
PAHs was low. 

In another group of soldiers exposed to 
PAHs from oil well fires, the effect of 
CYP1A1 (Mspl) and GSTMl and GSTTl 
polymorphisms were analyzed. No increase in 
urinary 1-OH-pyrene level or DNA adducts 
by immunoassay or by 32 P-postlabeIing was 
observed in any of these genotypes (20). 

No effect of GSTMl or GSTTl polymor¬ 
phisms was observed On Comet assay parame¬ 
ters In female shoe workers exposed ro 
toluene and other organic solvents (34). 

Au et al. (41) analyzed the effect of 
CYP2E1, GSTMl, GSTTl, and paraoxonase 
(PON) polymorphisms on CAs induced by 
mixed pesticides. No effect of any of these 
genotypes on CAs was observed; however, 
CYP2A1, GSTML and PON increased chro¬ 
mosomal aberrations using a challenge assay. 
The farmers who had unfovorable metaboliz¬ 
ing alleles were more susceptible to the geno- 
coxic effects of pescicides. Falck et al. (44) 
observed no effect of GSTMl, GSTTl, or 
NAT2 genotypes on MN frequency in pesti¬ 
cide-exposed greenhouse workers. In another 
study by Scarparo et al. (56) widt greenhouse 
workers, a lack of GSTMl did nor increase 
chromosomal aberrations in pesticide-exposed 
subjects, except in the subset of smokers. 
Chromosomal aberrations were also increased 
in individuals who carried simultaneously 
GSTMl null and GSTTl null genotypes. 

Environmental Exposure to 
Mutagens and Carcinogens 

Table 2 summarizes the effect of exposure 
and genotypes on biomarkers of exposure and 
effect on environmentally exposed popula¬ 
tions. Bus drivers and postal workers have 
been used as mode! groups for air pollution in 
big cities. A large study was organized in 
Denmark analyzing several end points and 
exposure to PAFIs (57). The exposure was 
evaluated by determination of 1-OH-pyrene 
in urine and exposure dose by DNA and pro¬ 
tein adducts. Significantly higher levels of 
bulky aromatic DNA adducts were observed 
in bus drivers working in the central parr of 
Copenhagen chan in bus drivers from rural or 
suburban areas (p - 0.012). In contrast, sig¬ 
nificantly higher levels of malondialdehyde in 
plasma and PAH-albumin adducts were 
observed in a suburban group (p- 0.016) 
that was used as a control group because of 
lower exposure to ambienr air pollutants. The 
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Table 2. Effect of exposure and genotypes on biomarkers of exposure and effects by environmentally exposed populations. 








Effect of exposure on biomarkers 




Effect of 


Group/ 
sample size 

Type 

Exposure 

Measured 

Urine 3 

CNA 

adducts 3 

Protein 

adducts 5 

Comet CAs 

SCFs 

MN 

HPRT 

hinmarkers nf 
susceptibility 

Ref. 

Bus drivers; postal 
workers (control) 
Exp=107;C = 102 

PAHs, VOCs 

No 

NoE 

E 

E 






(57) 

Exp = 1QB;C = 10f 

PAHs r VOCs 

No 

- 

- 

- 

NoE 

“ 

“ 

- 

GSTM1 E 

(59) 

Bus drivers 

Exp = 57 

VOCs 

Personal 


E 






mz E 

IfiOl 

Children 

Exp - 87; C - 12 

Ozone 

Ambient 

_ 

E 

_ 

E 

— 

- 


- 

1 61) 

Students 

Exp M2 

Ozone 

Ambient 


_ 

_ 

£ 

— 

- 



(62) 

General populations 

Exp = 65 

Pyrene 

Personal 

NoE 

_ 

NoE 

_ _ 

_ 

_ 

- 

— 

(53) 

Exp = 22: C = 40 

PAHs 

Amhient 

NoE 

- 

“ 

- 


- 



(64) 

Women 

Exp = 51 

PAHs 

Personal 

E 

NoE 

_ 

^ — 

_ 

_ 

— 

GSTM1 E 

(101) 

Mothers 

Placenta 

Exp = 93; C= 65 

PAHs 

Ambient 


E 


NoE 




NAT2 E 

GSTM1 E 

(65) 

Mothers 

Venous blood 

Exp = 54; C = 20 

PM10 

Ambient 




NoE 




mrz E 

m 

m 

Cord blood 

Exp = 66; C = 29 


Ambient 

_ 



NoE 

- 


- 

- 

(66) 

Mothers 

Venous blood 

Exp = 322; C» 220 

PM 10 

Ambient 




NoE 




GSTM1 NoE 

m 

Cord blood 

Exp = 322: C = 220 

PM 10 

Ambient 

_ 


_ 

NoE 

— 

_ 

— 

GSTM1 NoE 

IBS) 

Mothers 

Venous blood 

Exp = 70 

PM 10 

No 


E 






GSTM1 NoE 

!7Sj 

Cord blood 

Exp = 70 

PM,a 

No 


E 






CYP1AI E 

GSTM1 NoE 

170) 

Mothers 

Placenta 

Exp = 70; C = 90 

PAHs 

No 


NoE 


- 




CYP1A1 NoE 

CYP1A1 E 

17/1 

Mothers 

Placenta 

Exp = 52; C = 30 

PCBs, PCDFs 

No 


E 







[73| 

Traffic police 

Exp = 34; C = 36 

BMP 

Personal 

„ 

E (summer) 

_ 

_ _ 

— 

— 

- 


(74) 

Exp = 54; C = 35 

PAHs 

Personal 

- 

- 

- 

- 

NoE 

- 

- 


\75) 

Exp = 82; C = 34 

PAHs 

Personal 

- 

- 

... 

- 

- 

NoE 

- 


1761 

Exp = 94; C = 52 

PAHs 

Personal 

Nn£ 

- 

- 

- 

- 

- 

- 

GSTM1 NoE 

1771 



, 






(5,977/ NoE 

CYP1A1 NoE 

(Continued) 
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3 Table 2. [Continued] ______________ 

§' _ Effect of exposure on biomarkers __ Fffect of 

§ Croup/ _ Exposure _ DNA Protein binmarkers nf 

3 sample size Type Measured Urine 3 adducts 1 * adducts 3 Comet_CAs_SCEs_ MW HPRT _ susceptibility Ref. 



Exp = 87; C = 56 

PAHs 

No 

- 

- 

- 

$ 

tvt_ 

General population 

Exp = 26; C “ S 

Crude oil 

No 


NoE 

- 

"0 

Waste site 

Exp = 24;C = Z4 

Uranium mining 

No 

_ 

- 

- 

U 

m 

n 

Physical exercise 

Exp = 6 


No 

- 

- 

- 

id 

Ul 

* 

Rural population 

Exp = 31; C = 27 

Arsenic 

Personal in urine 

_ 

__ 

- 

§ 

Exp = 32;C = 18 

Arsenic 

Personal in urine 

- 

- 

- 

§ 

DO 

Mothers 

Placanta 

Exp = 30 

Tobacco smoko, ETS 

No 


NoE 


C 

T5 

"o_ 

Smoker 

Exp = 57; C = 45 

Tobacco smoke 

No 


No E 


3 

re. 

a 

Newborns 

Exp = 42; C = 21 

Tobacco smoke, ETS 

No 


_. 

_ 

* 

Newborns 

Exp = 12; C = 12 

ETS 

No 

_ 

— 


at 

n. 

Children 

Exp =109 

ETS 

No 

E 


E 

ISJ 

o 

s 

Smokers 

Exp = 23; C = 42 

Tobacco smoke 

No 

_ 

— 

- 

Exp = 55; C = 4 

Tobacco smoke 

No 

“ 

E 

E 


Exp = 118; C = 40 

Tobacco smoke 

No 

E 

E 

- 


Exp = 54; C — 5 

Tobacco smoke 

No 

- 

E 

- 


Exp = 33; C = 64 

Tobacco smoke 

No 

- 

E 

- 


Exp = 9: C = 12 

Tobacco smoke 

No 

- 

E 

- 


Exp = 2D; C = 20 

Tobacco smoke 

No 

- 

E 



Exp = 427; C = 823 

Tobacco smoke 

No 

- 

- 



Exp = 147 

Tobacco smoke 

No 

- 

- 



Exp - 47; C - 40 

Tobacco smoke 

N« 

- 

- 

-s 


Exp=40; C = 40 

Tobacco smoke 

No 

- 

- 

- 


Smokers 

Exp = 17; C = 17 

Marihuana 

No 

- 

- 

- 


“Metabolites In urine. ‘By 3z P-postlaba!ing or ELISA. 'Hemoglobin or albumin adducts. Effect on CAs only using challenge assay. 


- 

- 
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E 
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m 

- 

- 

- 

- 

~ 
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- 

~ 
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- 

- 
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NoE 

- 

(571 

- 
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- 

E 

- 

m 

- 

- 

NoE 

- 

- 

„ 

m 


_ 



E 

_ 

(SO) 

- 

- 
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“ 

GSTM1 NoE 
NAT2 NoE 

(S?) 

- 

- 

* 

” 

- 

CVTOW NoE 
GSTM1 NoE 

[92] 

- 



- 

- 

- 

1 / 6 ) 


_ 


- 
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(S3) 
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- 

- 

- 
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— 

- 

- 

- 
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E 

NoE 


- 
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NoE 
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SRAM 'AND BiNKOVA 


DNA adduce levels in postal workers were 
similar to the levels in suburban bus drivers. 
Autrup et al. (57) recommended analyzing 
oxidative DNA damage as a biomarker of ait 
pollution caused predominantly by diesel 
exhaust particles. In a subsample of bus drivers 
and postal workers, personal monitors for eval¬ 
uation of exposure to naphthalene and fenan- 
threne in inhaled air were used {58). In the 
same groups the frequency of CAs in periph¬ 
eral lymphocytes was determined. There was 
no significant difference between bus drivers 
and postal workers (59). The oxidative DNA 
damage in another subset of bus drivers was 
determined by urinary excretion of 8-oxodG 

(60) , A comparison of drivers in the city center 
and in rural and suburban areas of 
Copenhagen found a significant difference in 
8-oxodG excretion (p < 0.005). This increased 
excretion of 8-oxodG suggests that exposuce to 
ambient air pollution may cause oxidative 
damage to DNA (60). 

In Mexico City, Mexico, the specific air 
pollution problem is related to the exposure of 
a complex mixture accompanied by a high 
level of ozone. Calderon-Garciduenas et al, 

(61) examined DNA damage in the nasal res¬ 
piratory epithelium of children. In che nasal 
cells 8-hydro-2'-deoxyguanosine (8-OHdG) 
and Comet assay parameters were analyzed. 
They observed a significant increase of single¬ 
strand breaks as well as 8-OHdG levels in 
exposed children compared to those in con¬ 
trols (p c 0.05). The combination of 8-OHdG 
and Comet assay parameters is thought to be 
useful for monitoring oxidative DNA damage 
in populations exposed to ait pollution. Using 
the Comet assay, Valverde et al. (62) analyzed 
DNA damage in leukocytes and buccal and 
nasal epithelial cells in samples from young 
adults living in Mexico City. Increased tail 
image length was observed in blood leukocytes 
(p < 0.05) and nasal epithelial cells (p < 0.001) 
in young adults from the southern part of the 
city who were exposed to high levels of ozone 

compared with young adults from the north¬ 
ern part who were exposed to hydrocarbons 
and particles. These differences were not 
observed in buccal epithelial cells. 

The seasonal effect of exposure to PAHs 
adsorbed to air particles was assessed by mea¬ 
suring personal exposure to pyrene, urinary 
excretion of 1 -OI {-pyrene, and hemoglobin 
BPDE adducts in Milan, Italy (63). There 
were no significant differences in the urinary 
levels of 1-OH-pyrene between summer and 
winter samples. Hemoglobin adducts were 
higher in winter than tn summer, but the 
difference between seasons was not significant. 

Vyskocil et al. (64) used 1-OH-pyrene in 
urine to evaluate exposure to PAHs in two 
areas with different levels of air pollution 
during the winter and summer. They did not 
observe any relationship between pyrene 

64 


concentration in the air and 1-OH-pyrene 
levels in urine. 

The biomarkers in pregnancy outcome 
studies were also used in projects analyzing 
the impact of air pollution on populations in 
Northern Bohemia in the Czech Republic 
and Silesia in Poland. A study of the effect of 
environmental pollution on placenta DNA 
adducts was conducted in the Czech Republic 
(65). Air pollutant levels were evaluated from 
continuous ambient air monitoring. The total 
DNA adduct levels indicated significant dif¬ 
ferences between polluted and control regions 
{p - 0.04). Higher DNA adduct levels were 

found In smoking mothers than in, nonsmok¬ 
ing mothers. Cytogenetic analysis of periph¬ 
eral lymphocytes from venous and cord blood, 
of pregnane women revealed no differences 
among women from different regions. 
Multiple regression analysis indicated that 
DNA adduct levels in placentas were affected 
by die concentration of PAHs during the last 
month of pregnancy, active and passive 
smoking, or plasma vitamin C levels. DNA 
adducts were also significantly increased in 
the placentas of newborns with intrauterine 
growth retardation (p < 0.005) (66). 
Intrauterine growth redardacion is thought to 
be induced by PM 10 (particulate matter < 10 
pm) as early as the first month of pregnancy 
(67). The DNA adduct data in placentas are 
complementary with in vitro studies of DNA 
binding activity and embryocoxicity (68) that 
demonstrated the genotoxic and embiyotoxic 

potential of organic extracts of PM l0 . 

The impact of environmental air pollution 
(PMkj) on hospitalized pregnant women in 
the same regions was also analyzed using the 
Comet assay. In this study, 322 pregnancies 
from a polluted district and 220 pregnancies 
from a control district were compared for 
detection of DNA damage in peripheral 
WBCs. The results obtained for mothers and 
their children did not differ between those liv¬ 
ing in polluted and control districts. No effects 

of prematurity, ethnicity, or smoking were 
observed for any of the Comet parameters (69). 

Whyatt ec al. (70) studied the relation¬ 
ship between ambient air pollution and DNA 
adducts in marernal and cord WBCs in 
mothers and newborns from Cracow, Poland. 
Splitting this group according to low, 
medium, and high air pollution levels 
(PM t0 ), there was a dose-related increase of 
DNA adduct levels with ambient air pollu¬ 
tion and the mothers’ places of residence 
(p < 0.05). When the same cohort was com¬ 
pared with another group with lower air pol- 
lution exposure, no effect was seen on 
PAH—DNA adduers in che placenta (71). 

Perera et al. (72) showed in the studies in 
Poland that ambient air pollution was signifi¬ 
cantly associated (p < 0 . 05 ) with the levels of 
PAH-DNA adduces in white blood cells 


from both che maternal and infant cohorts. 
Newborns with elevated DNA adducts in 
cord blood had significantly decreased birth 
length, birth weight, and head circumference 
compared to newborns with lower DNA 
adduct levels detected in the cord blood. 

Studies from both Poland and die Czech 
Republic indicate a relationship between 
ambient air pollution and an increase in 
DNA adduct levels in the DNA from mater¬ 
nal and cord blood and/or from placenta as 
well as the relationship of these biomarkers to 
che development of newborns. 

DNA adducts were also analyzed in the 

placenta of women envtronmentaliy exposed 
to polychlorinated biphenyls (PCBs) and 
polychlorinated dibenzofurans (PCDFs) in 
Canada. DNA adducts were increased in the 
group of Inuit women with higher 
organochlorine exposure (probably due to 
consumption of species from the marine food 
chain) compared with those in a reference 
group from Quebec city center (73). 

The effect of environmental pollution has 
been also studied in several groups of traffic 
policemen in Italy. Peluso et al. (74), using 
personal monitors and analysis of DNA 
adducts in WBCs by 32 P-postiabeling, con¬ 
ducted a stticjy to determine B[rt]P exposure. 
Higher exposures to B[d]P and higher DNA 
adduct levels in the police officers were 
observed during the summer; no effect was 
observed in the winter. 

Another group of policemen was studied 

by Bolognesi et al. (75). Exposure to 3.4 
ng/rrt 3 B[<z]P did not increase SCEs in che 
policemen compared to controls. In the same 
group of policemen, no increase of MN was 
observed (76). Merlo er al. (77) investigated 
the relationship between exposure to ambient 
air PAHs and urinary excretion of I-OH- 
pyrene. With personal exposure higher than 
3.67 ng/m 3 BU]P, urinary excretion of 1-OH- 
pyrene was associated with cigarette smoking 
more than with air PAH concentration. 

The effect of exposure to automobile 
exhaust was also studied in China by analyz¬ 
ing MN and SCEs (78). Micronuclei as well 
as SCEs were significantly higher in traffic 
policemen than in controls (p < 0.05). PAH 
exposure was not determined. 

Cole et al. (79) analyzed the impact of 
exposure to crude oil after the wreck of an oil 
canker. An effect of genotoxic exposure on 
the local population was followed by DNA 
adduct analysis using 32 P-postlabeling and an 
analysis of HPRT mutations. No effect of 
exposure was observed in this study. 

Au ec al. (80) studied residents exposed to 
uranium mining waste. They found an 
increase of CAs using a challenge assay (p < 
0.05), which showed a significantly abnormal 
DNA repair response due ro exposure to 
radioactive contaminants. 
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Hartmann et al. (81) already showed that 
exhaustive physical exercise caused significant 
DNA damage as measured by the Comet 
assay. Schiffl et al. (82) observed an 
increased level of micronuclei in six volun¬ 
teers running exhausting sprints, 24 and 48 
hr after exercise (p < 0,01). These results 
indicate that exhausting physical exercise 
causes severe mutations at the chromosomal 
level in blood lymphocytes. 

Rural populations are sometimes greatly 
exposed to arsenic via drinking water. In a 
group in Mexico in which arsenic in drinking 
water in exposed individuals was 408 Jig/J. 
versus 30 pg/L in controls, significant 
increases of CAs in lymphocytes and MN in 
epithelial cells from oral mucosa and from 
urothelial cells were found (83). In another 
study from Finland with the almost the same 
exposure to arsenic in drinking water (410 
pg/L), an increased frequency of CAs was also 
observed in the exposed group (84). 

Several studies analyzed the effect of 
active and passive (environmental tobacco 
smoke [ETS]) smoking on various groups of 
populations. Daube et al. (85) analyzed DNA 
adducts in human placenta (8-OHdG) in 
relation to tobacco smoke exposure. There 
was no difference in placental levels of 
8-OHdG between smokers and nonsmokers. 
Vitamin E appears to have a protective effect 
on placental 8-OHdG formation. 

The determination of 8-OHdG in the 
DNA of leukocytes from healthy donors was 
used as a biomarker for oxidative DNA dam¬ 
age (86). Surprisingly, smokers showed lower 
mean 8-OHdG levels than nonsmokers. The 
inverse relationship between smoking status 
and 8-OHdG levels was explained by the 
presence of an efficient repair process for the 
oxidative damage induced by smoking. It was 
concluded chat 8-OHdG Levels in leukocytes 
may not prove to be a sensitive marker of 
exposure to tobacco smoking. 

An HPRT cell-cloning assay was used to 
determine mutation frequency in fetal T- 
lymphocytes exposed in utero to maternal 
active and passive smoking. Exposure to 
active and passive maternal cigarette smoking 
did not result in a significant increase in 
somatic mutation frequency in utero (8/). In 
a subsequent study, Finette et al. (58) char¬ 
acterized gene mutations with deletions in 
cord blood T-lymphocytes associated with 
passive maternal exposure to tobacco smoke. 
Analysis of 30 HPRT mutant isolates from 
12 newborn infants born to mothers with no 
evidence of environmental exposure to ciga¬ 
rette smoke, and 37 HPRT mutant isolates 
from 12 newborn infants bom to mothers 
exposed to passive cigarette smoke showed a 
significant difference in the HPRT muta¬ 
tional spectrum in those exposed in utero to 
cigarette smoke. In particular, there was an 


increase in “illegitimate” genomic deletions 
mediated by V(D)J recombinase, a recombi¬ 
nation event associated with hematopoecic 
malignancy in early childhood. 

The effect of exposure to ETS was ana¬ 
lyzed in preschool children by evaluating coti- 
nine in urine, 4-aminobiphenyl (4-ABP) and 
PAH-protrin adducts, and SCEs as biomark¬ 
ers. ETS-exposed children had significantly 
higher levels of counine, 4-ABP-hemoglobin 
adducts, and PAH-albumin adducts (p < 
0.05) than unexposed children (89). 

Ammenhcuscr et al. (90) used the auto¬ 
radiography mutant lymphocyte assay of 
HPRT mutations to analyze differences 
between smokers, former smokers, and non- 
smokers. Smokers had a 4 rimes higher 
HPRT mutant frequency than former smok¬ 
ers or subjects who had never smoked (p < 
0.05). This study demonstrated the sensicivity 
of die autoradiography HPRT assay and indi¬ 
cated that this assay is more likely to detect 
die effects of recent rather than past exposure 
to tobacco smoke. Daliinga et al. (91) ana¬ 
lyzed 4-ABP-hemoglobin adducts and aro- 
matic-DNA adducts in die lymphocytes of 55 
smokers and 4 nonsmokers. The levels of 
both adducts were related to the number of 
cigarettes smoked per day. 

The effect of smoking was also investi¬ 
gated by Mooney et al. (92). They analyzed 
PAH—DNA adducts by enzyme-linked 
immunosorbent assay (ELISA). These 
adducts were inversely correlated with 
plasma levels of retinol, ^-carotene, and (X- 
tocoferol. OC-Tocoferol had a significant pro¬ 
tective effect on DNA adducts when 
^-carotene tevels were low. This result sug¬ 
gests that several micronutrients may act in 
concert to protect against DNA damage and 
highlights the importance of assessing overall 
antioxidant status to evaluate DNA damage 
induced by various genotoxicants. 

Using ^P-postlabeiing for analysis of 
DNA adducts in WBCs and alveolar 
macrophages of smokers. Van Schooten et al. 
(16) observed significant correlations 
between die number of cigarettes smoked per 
day and the level of aromatic DNA adducts 
analyzed in lymphocytes. With higher expo¬ 
sure levels, less efficient DNA adduct forma¬ 
tion was observed. This led to a nonlinear 
dose-response relationship. 

Romano et al. (93) evaluated 
PAH-DNA adducts in oral mucosa cells by 
an immunohistochemical assay using a spe¬ 
cific antiserum against B[«]P—DNA adducts. 
They found that in smokers, PAH-DNA 
adducts were significandy increased with the 
number of cigarettes smoked per day (p < 
0.05). Using nasal epithelium cells (94), 
DNA adducts measured by a 32 P-postlabel- 
ing assay were significantly increased in 
smokers compared with nonsmokers 


(p < G.QOlJuJEbis finding suggests th at the 
level of JDNA adducts measured from biop¬ 
sies of the nasal mucosa seems to be a reli¬ 
able marker of exposure to cigarette 
smoking. Using a monoclonal antibody for 
4-ABP— and BPDE—DNA adducts in oral 
mucosa and urothelial cells, smoking signifi¬ 
cantly increased both DNA adducts in both 
type of cells (95). 

To evaluate SCEs and MN, Barale et al. 
(96) organized a population study in 1,650 
subjects of Italy. SCE was linearly correlated 
with the number of cigarettes smoked per 
day, but no increase in MN frequency was 
observed (97). A similar effect of smoking 
was observed in groups from Poland in men 
environmentally exposed to ambient air pol¬ 
lutants. Smoking was a major factor influenc¬ 
ing die level of SCEs (13). 

Using the Comet assay in a population 
exposed to chronic low irradiation, 
Wojewddzka et al. (98) observed no effect 
of smoking habits even when using specific 
endonucleases as an indicator of oxidative 
damage. The effect of smoking was not seen 
in either direct DNA strand breakage and 
alkali-labile lesions or in enzyme oxidative 
determinations. 

Pipcrakis et al. (99) studied the effect of 
smoking on hydrogen peroxide (H 2 O 2 )- 
induced oxidative damage measured by the 
Comet assay in peripheral lymphocytes. 
Smoking significantly increased the response 
of lymphocytes to HjC^, especially in males 
20-25 years of age compared with non- 
smokers (p < 0.001). 

Surprisingly, of the 12 studies on the effect 
of tobacco smoke on biomarkers of exposure 
and effect, only 2 studies evaluated smoking 
status using cotinine levels in plasma (16,91). 

Amenheuser et al. ( 100) also analyzed the 
frequencies of HPRT mutants in lympho¬ 
cytes of marihuana-smoking mothers and 
theirs newborns. The frequency of variant 
lymphocytes in marihuana smokers was sig¬ 
nificantly higher chan in controls (p < 0.001). 
Similarly, higher levels of HPRT mutations 
were observed in newborns of mothers who 
smoke marihuana than in newborns of non- 
smokers (p < 0.05). The study indicates that 
marihuana smokers may have an elevated risk 
of cancer and that smoking marihuana while 
pregnant may affect the fetus, resulting in a 
high risk of birth defects or childhood cancer. 

There are a limited number of studies on 
the effect of genotype on biomarkers of expo¬ 
sure and the effect on environmentally 
exposed groups (Table 2). 

Knudsen et al. (59) analyzed the effect of 
GSTM1 and NAT2 genotypes on the fre¬ 
quency of CAs in bus drivers and postal 
workers. Bus drivers with the GSTM1 null 
genotype and NAT2 slow acetylators had 
increased frequencies of cells with CAs. 
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Costa et al. {101) examined the 
interaction of GSTM1 and NA T2 genotypes 
and personal exposure to carcinogenic 
PAHs with urinary PAH metabolites and 
DNA adducts in the WBCs of women 
working in outside environments. Urinary 
PAH metabolites increased for individuals 
with NAT2 slow acetylators and the combi¬ 
nation of GSTM1 null and NAT2 slow 
acetylarors. 

A study of mothers from regions with 
different annual average air pollution levels 
of PM 10 and PAHs in the Czech Republic 
showed that higher DNA adduct levels were 
detected in the group with a GSTMI null 
genotype than in the group with a GSTMI 
positive genotype (p = 0.018). This finding 
was more pronounced among die residents 
of the poEuted district (65). Using multiple 
regression analysis in the same cohort, DNA 
adduct levels in placentas were also affected 
by NAT2 genotype (66). Srarn et al. (69) 
analyzed the effect of GSTMI genotype on 
Comet assay parameters in maternal venous 
blood and cord blood. No effect of GSTMI 
polymorphism was observed. 

fit a cohort of 70 mothers and newborns 
from Poland, DNA adducts in maternal 
WBCs were not related to CYP1A1 Mspl or 
GSTMI polymorphisms, but DNA adducts 
were significantly higher in newborns who 
were heterozygous or homozygous for the 
wild-type genotype of CYP1A1 Mspl (70). 
An investigation of the relationship between 
PAH-DNA adduct levels and CYPIAl Mspl 
polymorphisms showed that placental 
PAH-DNA adduct levels were also signifi¬ 
cantly higher in newborns who were homo¬ 
zygous or heterozygous for the wild-type of 
CYPIAl Mspl (71.73). 

The effect of CYPIAl, GSTMI, and 
GSTTI genotypes on urinary excretion of 
1-OH-pyrene was analyzed in a group of traf¬ 
fic policemen (77). No significant role was 
detected for any metabolic polymorphisms. 

4-ABP-hemoglobin adducts and aromatic 
DNA adducts in smokers were analyzed rela¬ 
tive to GSTMl and NAT2 polymorphisms. 
No influence of GSTMI and NAT2 poly¬ 
morphisms on hemoglobin adduct formation 
was observed. Higher levels of DNA adducts 
ill lymphocytes were observed in NAT2 slow 
acetylators than in intermediate acetylators 
(p = 0.05) (91). 

The effect of smoking was examined in 
the study of 159 heavy smokers enrolled in a 
smoking cessation program (92). Smokers 
with CYPIAl exon 7 valine polymorphisms 
had significantly higher levels (p < 0.03) of 
DNA adducts than those with no polymor¬ 
phisms. There was no effect of GSTMI or 
interaction between CYPIAl Mspl and 
GSTMI genotypes with respect to DNA 
adduct levels. 


Discussion 

It is difficult to evaluate molecular epidemiology 
studies, as some studies do not fulfill the well- 
known paradigm of environmentally induced 
cancer, beginning with a request for exposure 
data (3). From the 47 studies presented in 
Table 1 on the effect of exposure in occupa¬ 
tionally exposed groups, data on personal 
exposure were obtained for 22 studies (47%) 
and data on ambient exposure in 3 studies 
(14%). Personal monitoring was used to deter¬ 
mine the exposure to PAHs, VOCs, benzene, 
1,3-butadiene, and epichlorohydrine. 

1-OH-pyrene appears to be an effective 
biomarker of occupational exposure to PAHs 
(9,10,20). 

DNA adducts measured by 52 P-post- 
Sabeling were a sensitive biomarker of expo¬ 
sure to PAHs in coke oven (6) and foundry 
(14) workers but not in another study of coke 
oven workers (9). This indicates the necessity 
to use a standardized procedure for 32 P- 
postlabeling, as proposed for interlaboratory 
trials by Phillips and Castegnaro (102). DNA 
adducts were also a sensitive biomarker of 
exposure to BD in the monomer production 
unit (36) and to a pesticide mixture in 
greenhouse floriculturists (45). 

Protein adducts were determined as hemo¬ 
globin or albumin adducts. In all three studies 
that determined the effect of exposure to 
PAHs in coke oven workers (11), to nitro- 
PAHs in bus garage workers (21), or to 
cpichlorohydrin in factory workers (40), no 
effects of exposure on rhese protein adducts 
were observed. 

The Comet assay was used in 11 studies. 
Effects of exposure were observed with 
VOCs (23), hydrocarbons (25), benzene 
(27), with a mixture of pesticides in farmers 
(42,43), cytostatics (51), anesthetic gases 
(52), and tobacco dust (53). No effects were 
observed with exposure to PAHs in coke 
ovens (6), organic solvents (34), or BD 
(37). Collins et al. (103) pointed otit "... 
its application to human biomonitoring was 
realized very quickly and, perhaps prema¬ 
turely . . . essential questions remain con¬ 
cerning the reliability and reproducibility of 
the assay,” The Comet assay became a very 
popular method during the last 6-8 years. 
To be used properly, it needs international 
standardization. There are discrepancies in 
the time of isolation of cells, in the evalua¬ 
tion of Comet parameters between com¬ 
puter-based image analysis and visual 
scoring, and in the statistical analysis of data. 
Because strand breaks are quickly rejoined by 
cellular processes, modification of the Comet 
assay by including digestion with lesion- 
specific endonucleases seems to be preferable 
as the method of evaluating cellular DNA 
repair (104). It is probably premature to use 
the results of the Comet assay for risk 


assessment, as the significance of the induced 
changes is not well understood. 

Cytogenetic analysis of chromosomal 
aberrations in peripheral lymphocytes has 
already been used for 35 years as a biomarker 
of exposure to carcinogens. The significance 
of CAs increased with the Nordic and Italian 
studies ( 105,106 ) that showed the relation¬ 
ship between their levels and the risk of 
cancer. They were determined in 13 studies. 
In 11 studies effects of exposure to PAHs in 
coke ovens (7), hydrocarbons (25), benzene 

(31.32) , acrylonitrile together with dimethyl 
formamide (35), BD (37,39), pesticides in 
farmers (41), fluorides (47), cytostatics (49), 
and cosmic radiation (54) were observed. 
Only in two studies, greenhouse workers 
exposed to pesticides (44) and crews exposed 
to cosmic radiation (55), were no effects of 
exposure found. Positive effects with exposure 
to BD (39) and pesticides (41) were observed 
using a challenge assay, indicating some 
abnormalities in the DNA repair response. 

SCEs were analyzed in 13 studies. 
Relationships to exposure were observed 

with PAHs (7,13,18,19), acrylonitrile with 
dimethyl formamide (35), styrene (36), BD 
(37), epichlorohydrin (40), and Cr and Ni 
(48). No effects were found with exposure 
to VOCs (23), hydrocarbons (25), or 
benzene (22,28). 

MN were determined in 16 studies. 
Effects of exposure were observed with PAHs 
(18,19), benzene (28), epichlorohydrin (40), 
pesticides (44), fluorides (47), cytostatics 
(50), and cosmic radiation (54). No effects 
were induced by VOCs (23,24), benzene 

(26.33) , styrene (36), BD (37), malathion 
(46), or cosmic radiation (55). 

In comparing the sensitivities of CAs, 
SCEs, and MN, it appears that CAs and SCEs 
are more sensitive biomarkers than MN- 

Other biomarkers of effect were used only 
infrequently: HPRT was determined in 3 
studies, but no effects of exposure ro PAHs 
(12), epichlorohydrin (40) or cosmic radia¬ 
tion (55) were observed. The induction of 
p53 protein levels was affected by PAHs in 
coke oven workers (9), but no effect of 
VOCs on p21 protein levels in airport per¬ 
sonnel was observed (23). 

As biomarkers of susceptibility, the 
genotypes CYPIAl. CYP2E1, GSTMI, 
GSTTI, NAT2, and PON were determined. 
DNA adducts (9) and 1-OH-pyrene (10) by 
CYPIAl polymorphism were increased with 
exposure to PAHs in coke oven workers. 
Genetic polymorphisms of CYP2E1, GSTMI, 
and PON affected the frequency of CAs using 
a challenge assay (41). No effects of GSTMI, 
NAT2, and/or CYPIAl were observed with 
exposure to PAHs in coke ovens (6-14) and 
oil well fires (20), to organic solvents (34) or 
to pesticides (44,56). 


66 Environmental Health Perspectives ■ Vol f 08. Supplement 1 ■ March 2000 


PM3006440602 


Source: https://www.industrydocuments.ucsf.edu/docs/kgkj0001 







MOLECULAR EPIDEMIOLOGY STUDIES 


Conclusions are unexpected: the impact 
of occupational exposure to mutagens and 
carcinogens on the level of biomarkers of 
exposure and effect is not significantly influ¬ 
enced by the genetic polymorphisms that 
until now have been used in these studies. 
These results of the effect of genotypes in 
groups highly exposed to PAHs correspond to 
those of Vineis and Martone ( 107 ) who sug¬ 
gest that the effect of genotype is more pro¬ 
nounced at low doses and that individual 
susceptibility is irrelevant under exceptionally 
high exposure conditions. 

In many cases, studies on environmental 
exposure to mutagens and carcinogens lack 
data on exposure. Ic is sometimes difficult to 
relate the observed effects only to air pollu¬ 
tion if information on ambient exposure and 
life style arc not fully presented (108). For 
exam ple. Vyskocil et ai. (64) did not observe 
any relationship between pyrene levels in air 
and 1-OH-pyrene levels in urine. Therefore, 
they concluded that PAIls in food probably 
contribute to masking the influence of air 
pollution on urinary 1-OH-pyrene. Yet no 
information about, diet was included in this 
study, which could lead to die misinterpreta¬ 
tion chat human exposure to PAHs is 
predominantly from dietary sources (109). 

The effects of exposure and genotypes on 
biomarkets of exposure and effect by environ¬ 
mentally exposed populations were analyzed 
in 41 studies. Data on personal exposure were 
collected in 9 studies (22%) and on ambient 
exposure in 5 studies (13%). ( 

1-OH-pyrene levels were determined to 
be biomarker of exposure to PAHs, in 4 
studies (57,65,64,77). No effects of exposure 
to PAHs in ambient air on 1 -OH-pyrcne Iev- 
- els in urine were observed for exposure to 
PAHs in ambient air. According to these 
results, 1-OH-pyrene is not a very sensitive 
biomarker of environmental exposure to 
PAHs. Our conclusion contradicts the recent 
evaluation by Dor et al. (110), who claimed 
that 1-OH-pyrene is the most relevant bio¬ 
marker for estimating individual exposure to 
environmental pollution. 

The only positive results were those by 
Costa et al. (101): they determined a total of 
28 PAH/mecabolites in urine including the 
following parent PAHs and their hydroxylated 
-metabolites: anthracene, B[rt]P, chrysene, 
pyrene, methylchrysene, and methyl B[«]P. 

DNA adducts were determined in 18 
studies. The 3i P-posdabeIing method was 
used in 7 studies. DNA adduces were related 
to PAH exposure in bus drivers (57), in pla¬ 
centas (65,66), in traffic policemen (74), 
and in smokers (16,91). Two studies found 
no effect of PAH exposure on DNA adduct 
levels (79,101). Immunologic methods such 
as competitive ELISA or immunohistochem- 
istry use polyclonal and monoclonal 


antibodies to recognize PAH-DNA adducts 
(111). These methods were used in 8 
studies. DNA adducts were increased in 
maternal venous and cord blood (70) and in 
smokers (91-93,95). No effect was seen for 
PAH exposure in placenta (71) or for 
tobacco smoke exposure in placentas (85) 
and smokers (86). 

It is difficult to compare the 31 P- 
postlabeling and immunologic methods. 
Until now, immunologic methods were not 
internationally validated in the same way as 
the 32 P-posdabeiing method (102). 
According to Santeila (111) 

■ . . the data generated by immunological 
methods may not be as absolutely quanti¬ 
tative as that obrained in other types of 
assay, the DNA adduct levels found in dif¬ 
ferent populations provide important 
information on exposure monitoring .... 

Oxidative damage was measured in 5 
studies. 8-oxodG in urine was determined 
in bus drivers (57,60). One study found a 
negative association (57), another a positive 
one (60). Both results are from the same 
group, hut it is difficult to compare the 
groups because Aucrup et al. (57) expressed 
their results in nmol/mmol creatinine and 
Loft et al. (60) in pmoS/kg 24 hr. 8-OHdG 
(using an immunohistochemical method) 
increased in children exposed to ozone (61); 
no effect of tobacco smoke was obsep/ed In 
placentas, using 32 P-postlabeling to deter¬ 
mine 8-OHdG (85) or in leukocytes of 

smokers using high performance liquid 
chromatography detection (86). 

Methods analyzing 8-oxodG and 
8-OHdG were criticized because of various 
factors that attifactually induce oxidative 
DNA lesions during DNA extraction 
(112,113). Using an improved chaotropic 
Nal method, Heibock er al. (114) found that 
tire steady-state level of 8-oxodG may be sig¬ 
nificantly reduced. Nakamura et al. (115), 
isolating DNA from cells with 2,2 ,6,6- 
tetramethylpiperidinoxyl minimized the arti- 
factual induction of oxidative lesions during 
DNA extraction. Oxidative damage is under¬ 
stood to be an important injury of DNA. It is 
important to organize intcrlaboratory trials to 
determine methods chat could be standard¬ 
ized for human monitoring. 

Protein adducts were increased as PAH- 
albumin adducts in bus drivers (57) and 
children exposed to ETS ( 89), as 4-ABP- 
hemoglobin adducts in children exposed to 
ETS (89) and in smokers (91). No effect of 
PAH exposure was detected when 
BPDE-hemoglobin adducts were measured 
(63). 

The Comet assay was used in 5 studies. 
An effect of exposure was observed with 
increased ozone exposure (61,62) and using 


in vitro H^Oj-irul wCL'ci oxidative damage in 
young smokers (99). No effects of PM|o 
(69) or tobacco smoke (98) were observed in 
two studies. 

Chromosomal aberrations were deter¬ 
mined in 5 studies. The frequency of CAs 
was increased in studies analyzing the effect 
of high arsenic levels in drinking water 
(83,84) and of uranium mining waste in resi¬ 
dents using a challenge assay (80). No 
increase was related to PAH exposure in bus 
drivers (59) or mothers and newborns (66). 

SCE were determined in 5 studies. Effects 
were observed for automobile exhaust (78) 
and tobacco smoke (13,97); no effects of 
PAH exposure were seen in policemen (75) 
or in children exposed to ETS (89). 

MN were determined in 4 scudies. Their 
frequency was increased in policemen (78), 
by exposure to arsenic in drinking water (83) 
and by physical exercise (82); no effects were 

seen in another group of policemen (75). 

HPRT mutations were followed in 5 
studies. The mutation spectrum was changed 
in newborns exposed to ETS (88); the muta¬ 
tion frequency was increased in tobacco 
smokers (90) as well as in marihuana smokers 
(100) and their newborns. No effect was seen 
in a population exposed to spilled crude oil 
(79) or in newborns exposed to ETS (87). 

Comparing all cytogenetic end points, 
there were no significant differences in their 
sensitivities to environmental exposure. 

Biomarkers of susceptibility were deter¬ 
mined in 10 of a total 41 studies as genotypes 
of CYP1A1, GSTM1, GSTT1, and NAT2. 

CYP1A1 affected DNA adducts in new¬ 
borns (70) and placentas (7l) of residents of 
an air-polluted region; no effect was observed 
on 1-OH-pyrene in the urine of policemen 
exposed to air pollution (77) or smokers (92) 
or on DNA adducts in smokers (92). 

A GSTMI null genotype increased the 
frequency of CAs in bus drivers exposed to 
PAHs (59), DNA adducts in the placentas of 
mothers exposed to PAHs (65), and the con¬ 
centration. of PAH metabolites in urine from 
ambient air exposure to PAHs (101). No 
effect was seen in mothers or newborns on 
Comet parameters (69) and DNA adducts 
(70), in policemen on 1-OH-pyrenc in urine 
(as well as GSTT1) (77), or in smokers on 
DNA (91,92) and protein (91) adducts. 

The NAT2 slow acetyiator genotype also 
affected the frequency of CAs in bus drivers 
(59), DNA adducts in placentas (66), and 
the concentration of PAH metabolites in 
urine (101). No effect was observed on the 
level of DNA and protein adducts in 
smokers (91). 

In summary, the effects of different geno¬ 
types appear to vary in different populations 
because of the level of exposure to pollutants 
as well as the spectrum of biomarkers used. 
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Conclusion 

Evaluating the achievements of molecular 
epidemiology during the period 1997-1999 
probably reveals only the tip of the iceberg, as 
the published papers presented the results of 
studies mostly from the early nineties. This 
also means that some studies, especially those 
analyzing the effeccs of genetic polymor¬ 
phisms, were sometimes based on small 
sample sizes. 

Several requirements for human studies in 
the future must be stressed. Using various 
biomarkers, the studies should be related to 
ambient and personal monitoring, and 
should also provide information about 
lifestyles. When the effect of smoking is ana¬ 
lyzed, determ ining cotinine levels should be 
one of the basic requirements. Many studies 
were deficient in experimental design, using 
only exceptionally coded samples (blinded) 
and repeating the analysis of a subset of the 
samples that had been recorded. 

DNA adducts measured by a 32 P- 
postlabeliug method have become the most 
popular of biomarkers of exposure (102). 
They are probably the biomarker of choice 
for evaluating PAH exposure ( 116-119). 

Protein adducts are useful as a biomarker 
for exposure to tobacco smoke (4-ABP) or 
exposure to smaller carcinogenic molecules 
such as, c.g., acrylonitrile, BD, or epichloro- 
hydrine (17). 

Use of the Comet assay still needs reliable 
validation for human biomonitoring 
(103,104), as at present, it appears that its 
use for monitoring human exposure to envi¬ 
ronmental pollutants is nor fully validated. 

Methods analyzing oxidative DNA lesions 
by GC-MS or HPLC also need reliable stan¬ 
dardization and international validation. 

Of the biomarkers of effect, the most 
common are cytogenetic end points. An 
analysis of Nordic and Italian cohorts sug¬ 
gests that the significance of chromosomal 
aberrations in peripheral lymphocytes has 
increased, indicating a predictive value of 
chromosomal aberration Frequency for 
cancer risk (105). Findings from these epi¬ 
demiologic studies support the use of chro¬ 
mosomal breakage as a relevant biomarker of 
cancer risk (106). 

The impact of genetic polymorphisms as 
biomarkers of susceptibility is of key signifi¬ 
cance in understanding the processes of 
genetic damage involved in mutagenesis and 
carcinogenesis. Until now, there have nor 
been sufficient data to interpret the relation¬ 
ship between genotypes, biomarkers of expo¬ 
sure, and biomarkers of effect related to risk 
assessment of human exposure to mutagens 
and carcinogens. It is possible chat this 
process will progress rapidly with the 
Environmental Genome Project (120). 

68 


References and Notes 

1. Perera FP, Whyatt RM. Biomaritersand molecular epidemiology 
in nrtuta tran/cancer rssaarcb. Mutat Rss 313:117-12911994). 

2. Perera FP, Whyatt HM. Jedrzycbowsfei W, Raiajh V, Manchester 
D. SsnteiSa RM, Oilman fl. Recent developments in rcclecofer 
Cpitfetnialogy, A study of the effects q f envtranmeritai polycyclic 
aromatic hydrocarbons on birth outcomes in Poland. Am J 
EpidemioM 47:303-314 (1993). 

3. Committee gn Biological Markers of the National Research 
Council. Biological markers in environmental health research. 
Environ Health Perspect 74:3—911987). 

4. Alhertini RJ, Nicklas JA, □'Neill JP. Future research directions 
For evaluating hum an genetic and cancer risk from environment- 
tal exposures. Environ Health Perspect 104 (supp! 3):503-5l0. 

5. Albsrtini RJ. The use and interpretation of biomarkers of 
environmental genotoxicity in humans. Biotherapy 
11:155-167 (1999). 

6. 8infcova B, Topinka J, MraSkova G. GajdoSova D, VidovS P, 
StSvkovS 1, Peterka V, PiiCFk T, Rim$r V, Dobias L. et al. Coke 
oven workers study: the effect of exposure and GSTM1 and 
AM72 genotypes on 0NA adduct in white blood cells and lym¬ 
phocytes as determined by 32 P-postlabeliing. Mutat Res 
418:67-84 (1998). 

7. Kalina I, Srei^ni i, GajdoSovS 0, BinkovS 8, Salagovid J, 
HabalovS V, MraEkgva G. Qob&s L Stfm fU Cytogenetic moni¬ 
toring in coke oven workers. Mutat Res 417:9-17 (1998). 

8. Mfa£kov3 G r Binkovri B, PiRifkT. Peterka V, GajdoSavS D, §tem R. 
The use of "comet assay" to evaluate the occupational expo¬ 
sure in coke-oven workers [in Czech]. Pracov Lek 51:3-8 (1999). 

9. Pan G, Hanaoka T, Yamano Y, Hara K, Ichtha M, Wang Y, Zhang 
J, Feng Y, Shujuan Z. Guan D, et al A study of multiple bio- 
markers in coke oven workers - a cross-sectional study in China. 
Carcinogenesis 19:1963-1958 (1998). 

10. Wu MT. Huang SI, Ho CMC. Yeh YF. Mao IF, Christian] DC. 
Cytochrome P450 1A1 MspJ polymorphism and urinary 
I -hydroxypyrene concentration in coke-oven workers. Cancer 
Epidemiol Biomarkers Prev 7:323-329 (1932). 

11. Kure EH, Andreassen A, Ovrebo S, Gnybowska E, Fiala 4 Strozyk 
M, Chorazy M, Haugen A. Benzo(a]pyrene-albumin adducts in 
humans exposed to polycyclic aromatic hydrocarbons in an 
industrial area of Poland. Occup Environ Med 54:682-666 (1997). 

12. Zanesi N, Mognato M, Pizza to M, Viczzer C, Fern (3, Celatti L 
Qetem&tati&n of HPRT mutant frequency and molecular analy¬ 
sis of 7-jympbocyte mutants derived from rake-oven workers. 
Mutat Res 41 2 177—IBS 11938}. 

13 Pemhich J, Molykiewicz G. Michalaks J, Wang LY. Kostowska 
A, Chorazy M. Sister chromatid exchanges and high-frequency 
cells in men environmentally and occupationally exposed to 
ambient air pollutants: an intergroup comparison with respect 
to seasonal changes and smoking habit. Mutat Res 
381:163-17G (1997). 

14. Hemminki K, Dickey C, Karlsson S, Bell D, Hsu YZ, Tsai WY, 
Mooney LA, Saveia K, Perera FP. Aromatic DNA adducts in 
foundry workers in relation to exposure, life style and 
CYPIA1 and glutathione transferase Ml genotype. 
Carcinogenesis 18:345-350 fT997). 

15. Lewtas J. Walsh D, Williams R. CobiaS L. Air pollution expo- 
sure-DMA adduct dosimetry in humans and rodent; evidence for 
non-linearity at high doses. Mutat Res 378:51-63 (1997). 

16. VanSchooten FJ. Godschalk RWL, Breedijk A, Maas LM, Kriek 
E. Sakai H, Wigbout G, Baas P, VantVeer L, VanZandwijk N . 22 ?- 
postlabeiling of aromatic DNA adducts m white blood cells and 
alveolar mac/opfiages of smokers: saturation at high exposures. 
Mutat Res 376:65—75 (1S97). 

17. Farmer PB, Shuker DEG, What is the significance of Increases in 
background Sevefs of carcinogen-derived protein and DNA 
adducts? Some considerations for incremental risk assessment. 
Mutat Res 424:275-286 (1999). 

18. Karahali! B. Burgaz S, Fisek G, Karakaya AE. Biological monitor¬ 
ing of young workers exposed to polycyclic aromatic hydrocar¬ 
bons in engina repair workshops Mutat Res 412:261-269 {1998]- 

19. Burgaz S, Erdem O. Karahalil B, Karakaya AE. Cytogenetic bio- 
monitoring of workers exposed to bitumen fumes. Mutat Res 
419:123-130(1998). 

20. Poirier MC, Weston A, Scboket 0, Shamkhani H, Pan ChF, 
McOiarmid MA, Scatt BG, [tester DP, Hellsr JM. Jacobson-Kram 
D, et al. Biomonitoring of US army soldiers serving in Kuwait in 
1991. Cancer Epidemiol Bigmarkers Prev 7:545-551 (1996), 

21. Zwlmer-Baier 1, Neumann HG. Polycyclic nitroarenes Initro- 
PAHs) as biomadeers of exposure to diesel exhaust Mutat Res 
441:135-144 (1999). 

22. Pitarque M, Carbotvell E. Lspsna N. Mars£ M, Valbuena A. 
Creus A, Marcos R. SCE analysis in peripheral blood 


lymphocytes of a group of filling station attendants Mutat Res 
390:153-159(1997). 

23. Pitarque M, Creus A, Marcos R, Hughes JA. Anderson D. 
Examination of various bsomarkers measuring gcnotoxic end- 
points from Barcelona airport personnel. Mutat Res 
440:195-204 (1993). 

24. P&fry EM, Ballantine JA, Eflard $, Evans WE, Jonas C, Kilic N, 
Lewis R(. Biomonitoring study of a group of workers poten¬ 
tially exposed to traffic fumes, Environ Mol Mutagen 
30:119-130(1997). 

25. Hartmann A, Fender H. Speit G. Comparative biomonitoring 
study Df workers at a waste disposal site using cytogenetic 
tests and the Comet (single-cell gel) assay. Environ Health 
Perspect 32:17-24 (1998), 

26. Carere A, Antcccia A, Cimsni 0. Crebelli R, Degrsssi F, Leopardi 
P, Marconi F, Sgura A, Tanzasefia G. 2i;no A. Genetic effects of 
petroleum fuels. II: Analysis of chromosome loss and hyper- 
ploidy in peripheral lymphocytes of gasoline stalion attendants. 
Environ Mol Mutagen 32:130—136 (1998). 

27. Andreoli C, Leopardi P. Crebelli FL Detection of DWA damage in 
human lymphocytes by alkaline single cell gel electrophoresis 
after exposure to benzene or benzene metabolites. Mutat Res 
377^5-104(1997] 

28. Bukvic N, Bavaro P. Elia G, Cassanfl F. Fanelli M, Guardi 6, 
Sister chrawatid exchange (SCE) ami iBicronudeus (MN) fre* 
queRdes in lym^hoeytes of gasG&ie station attendants. Mutat 
Res 415:25-33 [1998). 

29. Smidi MT. Zhang L. Biomarkers of leukemia risk: benzene as a 
model. Environ Health Perspect 106:937-946 (1998). 

30. Yeov/ell-0'Connell K. Rothman N. Smith MT. Hayes RB. Li G, 
Waidyanatha S, Dosemeci M, Zhang L, Yin S. Titenko-Holland 
N. et al. Hemoglobin and albumin adducts of benzene oxide 
among workers exposed to high levels of benzene. 
Carcinogenesis 13:1565-1571 (1393). 

31. Smith MT, Zhang L ; Wang Y. Hayes RB. Lf G. Wiemels J, 
Dosamsci M, Titanko-Holland N r Xi L, Kotachana P. et al. 
Increased translocations arid aneusomy in chromosomes 8 and 
21 jjmonfl workers exposed to benzene. Cancer Res 
58:2176-2181 (199B). 

32. Zhang L, Rothman N. Wang V. Hayes RB. Li G, Dosemeci M, Yin 
S, Kolacbana P, Titenko-Holland N, Smith Ml. Increased aneu¬ 
somy and long arm deletion of chromosomes 5 and 7 in die lym 
phocytes of Chinese workers exposed to benzene. 
Carcinogenesis 19:t95&-1961 [19981. 

33. SurraSlas J. Auiio K. Myjund t. Jarventaus H. Notppa H. 
Yeidsbaum T k Sorsa M, Peltonen K. Molecular cytogenaric 
analysis of buccal cells and lymphocytes from benzene-exposed 
workers. Carcinogenesis 18U17-823 (1997). 

34. Pilarque M, Vaglenov A. Nosko M, Hiivonen A, Norppa H. Creus 
A. Marcos R. Evaluation of DMA damage by the Comet assay in 
shoe workers exposed to toluene and other organic solvents 
Mutat Res 441:115-127 (1999). 

35. Major J 4 Hudak A, Kiss G, .lakab MG. Szaniszld, NSray M, 
Nagy I, Tompa A Follow-up biological and genotoxicolagical 
monitoring of acrylonitrile- and dimethylfoimamide-exposed 
viscose rayon plant workers. Environ Mol Mutagen 
31:301-310(1398). 

36. Karakaya AE. Karahalil 8. Yilmazer M. AygOn N. Sardas S, 
Burgaz S. Evaluation of genotoxic potential of styrene in furni¬ 
ture workers using unsaturated polyester resins. Mutat Res 
392:261-268(1997). 

37. Srdm RJ. Rdssner P, Peltonen K, Podrazilovd K, MraCkovd G, 
Dernopotilos NA, Stephanaus G, Vladimircpaulas D, Darroudi F, 
Tates A. Chromosomal aberrations, sister-chromatid 
excltanges. cells with high frequency of SCE. micronuclet arid 
comet assay parameters in 1,3-butadiene exposed workers. 
Mutat Res 419:145-154 (1998). 

38. Zhao Ch, Vorfiffka P. Sr£m RJ, Hemminki K. Human DMA 
adducts of 1.3-butadiene, an important environmental carcino¬ 
gen. Carcinogenesis (in press). 

39. Hailberg LM, Bechtold WE. Grady J. Legator MS. An WW. 
Abnormal DNA repair activities in lymphocytes of workers 
exposed to t,3-butadiene, Mutat Res 383:213-221 {1997). 

40. Landin HH. Grurnmt T. laursnt Ch, Tates A Monitoring of occu¬ 
pational exposure to epich loro hydrin by genetic effects and 
hernogfobfn adducts: Mutat Res 381217-236 (1997). 

41. Ad WW, Siena-Torres CH Cajas-Salazar N, Shipp BK, Legator 
MS. Cytogenetic effects from exposure to mixed pesticides and 
the influence from genetic susceptibility. Environ Health 
Perspect 107:501-50511999). 

42. Lebailly P. Vigreux C. Lechevrel C, Ledemeney D. Godard T. 
Sichel F, LeTalaOr JY. Henry-Amar M. Gauduchon P. DNA dam¬ 
age in mononuclear leukocytes of farmers measured using the 
sikailne comet assay: discussion of critical parameters and 


Environmental Health Perspectives « Vol 108, Supplement \ « March 2000 


--- j m 

PM3006440604 


Source: https://www.industrydocuments.ucsf.edu/docs/kgkj0001 








MOLECULAR EPIDEMIOLOGY STUDIES 


evaluation of seasonal variations in relation to pesticide 
exposure. Cancer Epidemiol Biomarkers Prev 7:917-977(1998}. 

43. Lebaifly P. Vtgreux C, Lectevrel C. Ledemeney D. Godard T, 
Sichel F, LeTalaer JY. Henry-Amar M, Gsuduchon P. DNA dam¬ 
age in mononuclear leukocytes of farmers measured using the 
alkaline comet assay: modifications of DMA damage levels after 
s one-day field spraying period with selected pesticides. Cancer 
Epidemiol Biorrsatfcsrs Prey 7:329-940 {1998}. 

44. Falck GGM. Hirvonen A, Scarpato R, Saarikoski ST, Migliore L. 
Norppa H, Micronuclei in blood lymphocytes and genetic pply- 
morhism for GSTMJ. GSTTJ and AM7? in pesticide-exposed 
greenhouse workers. Mutat Res 441:235-237 {1999). 

45. Munnia A. Puntoni R, Merlo F, Parodi S, Peluso M. Exposure to 
agrochemicals and DMA adducts in Western Liguria, Italy. 
Environ Mol Mutagen 34:52^56 (1999). 

46. Titeako-Holiand N, Windham G, Kolacbana P, Bsinisch f. 
Parvatham S, Osorio AM, Smith MT. Genctoxicity of maiathion 
in human lymphocytes assessed using the micronucleus assay 
in vitro and in vivo. A study of malathion-exposed workers. 
Mutat Res 39B:95-95 (1997). 

47. Meng 1 ,Zhang B, Chromosomal aberrations and micronuclei in 
lymphocytes of workers at a phosphate fertilizer factory. Mutat 
Res 393:283-285 (1937). 

48. Werfel U, Langeo V, Eickhoff I, Schoonbroad J, Vahrenholi C, 
Brauksiepe A. Popp W. Norpnth K. Elevated DMA single-strand 
breakage frequencies in lymphocytes of welders exposed to 
chromium and nickel. Carcinogenesis 19:413-148(1993). 

45. RubeS J. Kucharovi S. Vozdova M. Musilovfi P. Zudova Z. 
Cytogenetic analysis of peripheral lymphocytes in medical per¬ 
sonnel by means of FISH. Mutat Res 412:293-298 (1998). 

50. Surgaz S, Karahalil B, Bayrafc P. Taskin L. Yavuzasllan F, 
Bdkesoy t. Aruioo RBM. Bos RP. Pfatin N. Urinary cyclophos¬ 
phamide excretion and micronucter frequencies in peripheral 
lymphocytes and in exfoliated buccal spithelial cells of nurses 
handling antineoplastics. Mutat Res 439:97-104(19991. 

51. Undeger 0, Basara M, Kars A. GCc 0. Assessment of DMA dam¬ 
age in nurses handling antineoplastic drugs by the alkaline 
COMET assay, Mutat Res 439:277-285 (1999) 

52. Sardas S, Aygun N, Gamti M, Onaf Y, Unal N, Berk N. Karskaya 
AE. Use of alkaline Comet assay (single cell get electrophoresis 
technique) to detect DMA damages in lymphocytes of operating 
room personnel occupationally exposed to anaerlhetic gases. 
Mutat Res 41 B;S3-lflD (1998), 

53. Zhu Cha Lam TH. Jiang ChQ. Wei BX. Lou X. Liu WW, Lao XQ. 
Chen YH. Lymphocyte DNA damage in cigarette factory workers 
measured by the Comet assay. Mutat Res 444:1-6 (1999). 

54. Romano C, ferruci L, Nicolai F. Dertfne V. De Gtefano GF. 
Increase of chromosomal aberrations induct fay ionising radia¬ 
tion in peripheral blood lymphocytes of rivtf aviation pilots and 
crew members. Mutat Res 377:89-93 (1997). 

55. Zwingmann H. Welle I J, van Herwijnen M, Engelen JJM, 
Schilderman PAEL, Smid Tj, Kleinjans JCS. Oxidative-cfjA dam¬ 
age and cytogenetic effects in flight engineers exposed to cos¬ 
mic radiation. Environ Mol Mutagen 32:121-129 (19981. 

56. Scarpato R. Hirvonen A, Migliore L. Falck G, Norppa H. 
Influence of GSTM1 and GSTT1 polymorphisms on the fre¬ 
quency of chromosome aberrations in lymphocytes of smokers 
and pesticide-exposed greenhouse workers. Mutat Res 
389.227-235 (1997). 

57. Autrup H Daneshvar B, Dragsted LO. Gemborg M. Hansen AM, 
LoftS, (Mels H, Nielsen F, Nielsen PS, Raffn E, et si. Biomarkers 
for exposure to ambient air pollution - Comparison of carcinogen- 
DNA adduct levels with ether exposure markers and markers for 
oxidative stress. Environ Health Per spec! 107^33-238 f 1 ,599). 

58. Hansen AM, Wallin H, Wilhardt P, Kmidsen EL. Monitoring 
urban air exposure of bus drivers and malt carriers in Denmark. 
In: Advances in the Prevention of Occupational Respiratory 
Diseases (Chiyotam K, Hosoda Y, Aizawa Y. eds). 
Amsterdam.Elsevier Science B.V., 1998:1055-1060. 

59. Knudsen LE, Norppa H, Gamborg MO, Nielsen PS, Okkels H, 
Soll-Johanning H, Raffn E, Jarventaus H. Autrup H. 
Chromosomal aberrations in humans induced by urban air pollu¬ 
tion: influence of DNA repair and polymorphisms of glutathione 
5-transferase Ml and W-acetyltransferase 2 Cancer Epidemiol 
Biomarkers Prev 8:303-310 (1999}. 

60. Loft S, Paulsen HE, Vistisen K, Knudssn LE. Increased urinary 
excretion of Q-oxo-2‘-deoxyguanosine, a biomarker of oxidative 
DNA damage, in urban bus drivers, Mutat Res 441:11-19 {1999). 

61. Calderon-Garciduenas L. Wen-Wang L, Zhang YJ. Rodrfguez- 
Alcaraz A. Osnaya N. Villarreal-Calderon A, Santella HM. 8- 
HydroxY-Z'-deaxyguanQsine, a major mutagenic oxidative DNA 
lesion, and DNA strand breaks m nasel respiratory epithelium 
of children exposed to urban pollution. Environ Health Perspect 
107:469-474 (*i9S9i. 


B2. Valverda M, Camien-L6pez M, L6ps21, Sinchez t, Fortoaf Tl, 
Ostrosky-Wegman P, Rojas E. DNA damage in leukocytes and 
buccal and nasal epithelial cells of individual exposed tu air pol¬ 
lution in Mexico City. Environ Mol Mutagen 30:147-152 (1997). 

63. Pastorelli R, Guanci M, Restano J, Beni A, Micoli G, Minora C. 
Alcini D, Carrer P, Negri E, La Vecchia C, Fanelli R, Airoldi L. 
Seasonal effect of airborne pyrene, urinary l-hydroxypyrens 
and benzatelpyrane did epoxide-hemoglobin adducts in the 
general population. Cancer Epidemiol Biomarkers Prev 
8:561-56511999). 

64. Vyskocif A. Fiafa Z. Fialova D, fCrajak V. Yiau C. Environmental 
exposure to polycyclic aromatic hydrocarbons in Czech 
Republic. Hum Exp Toxicol 1&589-S95 (1997) 

6B. Topinka J, BinkavS B, Mra5kov£ G, StivkovS 1 , Peterka V, 
BaneS L Dejmek J, LetilCefc J, Pilflk T, Sram RJ. Influence of 
GSTM1 and NAT2 genotypes on placental DNA adducts in an 
environmentally exposed population. Environ Me 1 . Mutagen 
30:184-195(1997). 

66. Sr3tn RJ. 8inkov£ B. Rossner P. Rube'S J, Topinka J, Dejmek J. 
Adverse reproductive outcomes from exposure to environmental 
mutagens, Mutat Res 428:203-215 (1999). 

67. Dejmek J, Selevan SG, BeneS I. Solansktf l, Sram RJ. Fetal 
growth and maternal exposure to particulate matte; during 
pregnancy. Environ Health Perspect 107:475-480 {1999). 

63. Binkovd B, VeseiyD. Veseti D. Jelfnek Ft, SrSm RJ, Gonotoxidry 
and embryotoxierty of urban air particulate matter collected dur¬ 
ing winter and summer period in two different districts of the 
Czech Republic. Mutat Res 440:5-58 (1999). 

69. Sr2m RJ, Podrazilovd K, Dejmek J, Mrackova G, PileikT. Single 
cell gel eleertophoresis assay: sensitivity of peripheral whote 
bfood cells trr human popufation studies. Mutagenesis 
13:99-103(19981. 

70. Whyatt ?M. Santella RM. Jedrychowsid W. Garte SJ. Self DA. 
Ottmar, R, Gladek-Ygrborough A. Cosma G, Young TL, Cooper 
TB, et el. Relationship between ambient air pollution and DNA 
damage in Polish mothers end newborns. Environ Health 
Perspect 106(suppl 3)521-826 {19981. 

71. Whyatt RM, Bell DA, Jedrychowski W, Santella RM. Garte SJ, 
Cosma G, Manchester DK, Young TL, Cooper T8, Oltman R, 
Perera FP. Polycyclic aromatic hydrocarbon-DNA adducts in 
human placenta and modulation by CYP1A1 induclton and 
genotype, Carcinogenesis 13:1389-1392 (1998). 

72. Perara FP, Jedrychowski W, Raugh V, Whyatt RM. Molecular 
epidemiologic research on the effect of environmental pollu¬ 
tants on the fetus. Environ Health Perspect 1D7(suppl 
31:451-460(1999). 

73. Lagufcux J, Pereg D, Ayctte P, Dewaifly E, Poirier GG. 
Cytochrome P45Q CYPIAt enzyme activity and DNA adducts m 
placenta of women environmentally exposed to organoefah]- 
rines. Environ Res 80:369-382 (1999). 

74. Peluso M. Merlo F, Munnia A, Valeria F, Perratta A, Puntoni R, 
Parodi S. 32 P-posilabe!ing detection of aromatic adducts in the 
white blood cell DNA of nonsmoking police officers. Cancer 
Epidemiol Biomarkers Prev 7:3-11 (1998). 

75. Bolognesl C, Gallerani E, Bonatti S, De Ferrari M, Fontana V. 
Valerio F, Merlo F. Abhondandolo A. Sister chromatid exchange 
induction in peripheral blood lympliocytes of traffic police work¬ 
ers. Mutat Res 394:37-44 (1997). 

76. Bolognesi C, Merlo F, Rabboni R, Valerio F, Abbondartdofo A. 
Cytogenetic biomonitoring in traffic police workers: micronu¬ 
cleus test in peripheral blood lymphocytes. Environ Mol 
Mutagen 30:396-402 (1997). 

77. Merlo F, Andreessen A. Weston A, Pan CT, Haugen A, Valerio F. 
Reggrardo G, Fontana V, Garte S Puntora R, .^jbondandda A. 
Urinary excretion of l-hydraxyp^ene as a marker for exposure 
to urban air levels of polycyclic aromatic hydrocarbons. Cancer 
Epidemiol Biomad:ers Prev 7:147-155 (1998). 

7B. Zhao X, Niu J, Wang Y. Ysn Ch, Wang X, Wang J, Gsnotoxlcity 
and chronic health effects af automobile exhaust: a study on 
the traffic policeman in the city of Lanzhou. Mutat Res 
415:185-190 (1998). 

79. Cole 0, Beare DM, Waugh APW, Capulas E, Aldridge KE, Arlett 
CF» Green MHl, Crum JE, Cox 0, Gamer C, et a!. Biomonitorins 
of possible human exposure to environmental genoioxic chemi¬ 
cals: lessons from a study fallowing the wreck of the oil tanker 
Braer. Environ Mol Mutagen 30:97-111 (1997). 

GO. Au WW, McConnell MA, Wilkinson GS, Ramanujam VMS. 
Alcock N. Population monitoring: axperierice with residents 
exposed to uranium mining/milling waste. Mutat Res 
405:237-245(1998). 

81. Hartmann A, Pappert U, RaddaU K. GrQnert-Fuchs M, Speit G. 
Does physical activity indues DNA damage? Mutagenesis 
9269-27211994). 

82, Schiffl C. Zieres C. Zankl H. Exhaustive physical exercise 


increases frequency of mieronucles. Mutation Res 
389:243-24611997). 

83. Gonsebatt ME. Vega L, Salazar AM, Montero R. Guzman P, Bias 
J. Del Razo LM, Garcia-Vargas G. Albores A, CehriSn ME, etal. 
Cytogenetic effects in human exposure to arsenic. Mutat Res 
386:213-228 (1997). 

34. MSfci-Paakkaneo J, Kurlfio P. Paldy A, Pekkaren J, Association 
between the dastogemc effect in periphery} lymphocytes awl 
human exposure to arsenic through drinking water. Environ Mol 
Mutagen 32:301-313(1993). 

35. Daube K. Scheier G. Riedel K. Ruppert T. Tricker AR. 
Rosenbaum P, Adlkofer F. DNA adducts in human placenta in 
relation to tobacco smoke exposure and plasma antioxidant sta¬ 
tus. J Cancer Res Clin Oncol 123:141-151 (1997). 

86. Van Zeeland AA. de Grout AJ, Hall J. Donato f. 8-hydroxy- 
deexyguanasine in DNA from leukocytes ot healthy adults, rela¬ 
tionship with cigarette smoking, environmental tobacco smoke, 
alckohoi and coffee consumption. Mutat Res 439:249-25711999). 

87. Finette BA, Poseno T, Vacek PM, Albertini RJ. The effects of 
maternal cigarette smoke exposure on somatic mutant frequen 
ties at ihe hprt locus in healthy newborns. Mutat Res 
377:115-123(1997). 

83. Finette BA, GTiefll JP, Vacek PM, Albertini RJ. Gene mutations 
with characteristic deletions in cord blood T lymphocytes asso¬ 
ciated with passive maternal exposure to tobacco smoke. 
Nature Med 4:1144-1151 (1993). 

89. Tang D. Warburton D, Tannenbaum SR, Skipper P, Santella RM, 
Cereijido GS. Crawford FG. Perera FP. Molecular and genetic 
damage from environmental tobacco smoke in young children, 
Cancer Epidemiol Biomarkers Prev 8:427—431 |1999). 

30. Ammenheuser MM, Hastings DA, Wharton EB Jr. Ward J8 Jr 
Frequencies of tywt mutant lymphocytes in smokers, non- 
smokers. and former smokers. Environ Mol Mutagen 
30:131-138(1997). 

91. Dallinga JW, Pactien DMFA. Wijnhoven SWP. Oreea'ijf: A, Van't 
Veer L, Wigbout G, Von Zondwijk N, Maas LM, Von Agen E, 
Kleinjans JCS, et al. The use of 4-aminobiphenyl hemoglobin 
adducts and aromatic DNA adducts in lymphocytes of smokers 
as biomarkers of exposure. Cancer Epidemiol Biomarkers Prev 
7:571-577(1998). 

92. Moonay LA. Belt DA. Santella HR Van Bennskum AM, Oilman 
R, Park M, Blaner WS. Lucier GW, Covey l. Young TL, et al 
Contribution of genetic and nutritional factors to DNA damage 
in heavy smokers. Carcinogenesis 18:503-509 [19971. 

93. Romano G, Sgambato A, Boninsegna A, Flamini G, Curigliano G, 
Yang 0, La Gioia V, Signorelli C, Ferro A, Capelli 6, et al. 
Evaluation of polycyclic aromatic hydroc&bon-DNA adducls in 
exfoliated ots) cells by an immunohistochemical assay, Caiicer 
Epidemiol Biomsfkers Prev 8:91-95(1999), 

94. Peluso M, Amasio E, Bonassi S, Munnia A, Aluupa F, Parodi S. 
Detection of DNA adducts m human nasal mucosa tissue by 
^P-postlabeling analysis. Carcinogenesis 8:339-344 (1997). 

95. Hsu TM, Zhang YJ, Santella RM. Immunoperoxidase quantita¬ 
tion of 4-a mi no b> phenyl- and polycyclic aromatic hydrocarbon- 
QNA adducts in exfoliated oral and urothelial cells of smokers 
and nonsmotcers. Cancer Epidemiol Biomarkers Prev 

. 6:193-199(1997). 

9G. Barale R, Marrazzini A, Oacci E, Di Sibio A. Tessa A, Cocchi L, 
Scarceili V, Lubrano V, Vassalle C, Landi S. Sister chromatid 
exchange and micro nucleus frequency in human lymphocytes of 

I. 650subjects in an Italian population, I: Contribution of method¬ 
ological factors. Environ Mol Mutagen 3121B-227 (1998), 

97, Barale R, Chelotd L, Davini T, De) Ry S, ApdreassI MG, Mardm 
M, Bulleri M. He J, Baldacci S. Di Pede F. Getragnam F. Landi S. 
Sister chromatid exchange and micronucleus frequency in 
human lymphocytes of 1.650 subjects in an Italian population. 

II. Contribution oi sex, age and lifestyle. Environ Mol Mutagen 
31:228-242(19981. 

98. Wojewtidzka M, Kruszewski M* IwanBnkoT, Collins AR, 
Szumiel 1. Lack of adverse effect of smoking habit on DNA 
strand breakage and base damage, as revealed by the alkaline 
comet assay. Mutat Res 440:19-25 (1999). 

93. Piperafcis $M, Visvardrs EE. Sagnou M, Tassiou AM. Effects of 
smoking and aging on oxidative DMA damage of human Lym¬ 
phocytes. Carcinogenesis 19:695-698 (1998). 

100. Ammenheuser MM, Berenson AB, Babrak AE, Singleton ChR, 
Wharton E8 Jr. Frequencies of hprt mutant lymphocytes in mar¬ 
ijuana-smoking mothers and their newborns. Mutat Res 
403:55-64(1993). 

101. Costa DJ, Slott V, BinkovS B, Myers SR, Lewtas J. Influence of 
SSTIWJ and NAT2 genotypes an the relationship between per¬ 
sonal exposure to PAH and biomarkers of internal dose. 
Biomarkers 3:411-424 (1998). 

102. Phillips DH, Castegnaro M. Standardization and validation of 


Environmental Health Perspectives » Vol 108, Supplement ! ■ March 2000 69 


PM3006440605 


Source: https://www.industrydocuments.ucsf.edu/docs/kgkj0001 




srAm ^nd binkovA 


DNA adduct potf labelling methods: report of irttertaboratory vi¬ 
als and production of recommended protocols, Mutagenesis 
14501-315 (13m 

103. Collins AR. Du3inskd M, Franklin M. Somorovska M, Petrovska 
H, Outhis S, Pillion l, Panayiotidis M, RaSlovd K, Vaughan N. 
Comet assay in human biomwitcnng studies; reliability, valida¬ 
tion and application. Environ Mol Mutagen 30'133-146(1957}. 

104. Collins AR, Di±isarj VL. DuSinski M, Kennedy G. StSt'ma R. The 
comet assay: what can it really teli os? Mutat Res 
375:183-193(1997). 

105. Hagmar l, Bonassi S, Strflmberg U, Mikoczy Z, Lando C. 
Hansteen IL, Mcntagurf AH, Knutisen L, Norppa R Reutarwall 
Q, et al. Cancer predictive value of cytogenetic markers used in 
occupational health surveillance programs; a report from an 
ongoing study by the European Study Group on Cytogenetic 
Blomarkers and Health, MutatRes 405:171-178(1998). 

106. Bonassi S. Combining environmental exposure and genetic 
effect measurements in hBalth outcome assessment. Mutat Res 
428:177-105(1999). 


107. Vinets P, Martens T. Genetic-environmental interactions and low- 
level exposure to carcinogens. Epidemiology 6:455-457 (1985|. 

188. Anderson D. Factors contributing to biomarker responses in 
exposed workers. MutatRes 428:197-202 (1999). 

103. Phillips DR Polycyclic aromatic hydrocarbons in tha diet. Mutat 
Re$ 443:139-147 (1999). 

110. Doc F. Dab W. Fmpereur-Brssonnet P. Zmirou D. Validity of bro- 
markets in environmental health studies: the case of FAHs and 
benzene. Crit Rev Toxicol 29:123-168 (1999). 

111. Santella RM. Immunological methods for detection of caixino- 
gen-ONA damage in humans. Cancer Epidemiol Biomarkers 
Prev 8:733-739 (1999). 

112. Collins A, Cadet J, Epe B, Gsdik C. Problems in the measure¬ 
ments of B-oxogusorne in human DNA. Carcinogenesis 
18:1833-1338 (1S97). 

113. Caria J, DelatourT, Dcuki T, Gaspanrtto 0, Pouget JP, Ravanat 
JL, Sauvaigo S. Hydroxyl radicals and DNA base damage, 
MutatRes 424:9-21 (1999). 

114. Helback HJ, Beckman KB, Shigenaga MK, Walteer PB, Woodall 


AA, Yea HC, Ames BN. DNA oxidation matters: the HPtC-elec- 
trochemical detection assay of 8-oxo-deoxyguanosme and 8- 
oxo-guanine. Proc Natl Arad Sri USA 55:288-233 (1390). 

115. Nakamura J. La DK. Swenberg JA. 5-Nicked AP situs are resis¬ 
tant to p-elimination by fi-polymerase and are persistent in 
human cultures cells after oxidative stress. Unpublished data. 

116. Kriek E, Rojas M, Alexandra!! K, Bartsch H, Polycyclic aromatic 
hydrocarbon-adducts in humans: relevance as bfomarkers for 
exposure and cancer risk. Mutat Res 400:215-231 (1938). 

117. Schoket B. DNA damage in humans exposed to environmental 
and dietary polycyclic aromatic hydrocarbons. Mutat Res 
424:143-153 (1999). 

118. Eder E. intraindividual variations of DNA adduct levels in 
humans. Mutat Res 424:249-261 (1998L 

113. Parser MC. DNA adducts as exposure bicmsrkers and indicators of 
cancenisk. Environ Health Persped IDIfeuppI 4)^07-852 (1999). 

120. Olden K. Thinking big: four ways to advance environmental 
health research to answer ths needs of public policy. Environ 
Health Perfect 105:464-465 (1997}. 



1 


70 


Environmental Health Perspectives ■ Vo\ 1 08, Supplement 1 ■ March 2000 


- • • 

PM3006440606 


Source: https://www.industrydocuments.ucsf.edu/docs/kgkj0001 






